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Subfertility, defined as the inability to conceive within 12 months of regular, unprotected 
sexual intercourse, is a prevalent disorder and affects 10 - 15% of all couples in the 
Western world.' A World Health Organization (WHO) multi-centre study revealed that 
the problem was predominantly male in 20% of subfertile couples and predominantly female 
in 38% of couples, while 27% showed abnormalities in both men and women and no evident 
causes of subfertility were identified in the remaining I5%.2 Causes of subfertility in men can 
be divided in pre-testicular, testicular, and post-testicular.2,3 In women, a distinction can be 
made in ovulatory function disturbances, defects in spermatozoa-cervical mucus interaction, 
and tuboperitoneal disorders.'4 In addition, a large part of subfertility in men and women 
remains unexplained.4 
Observations in several Western countries point towards a decline in sperm concentration 
and sperm quality, hormonal disturbances, altered sex ratio, and prolonged time-to-
pregnancy, which may be associated with exposure to environmental endocrine disrupters.5 
Many pesticides, mostly used in occupational settings, are thought to have endocrine 
disrupting properties suspected of being hazardous for human reproduction.67 In the past 
two to three decades, a number of studies demonstrated that occupational exposure to 
specific pesticides that are no longer used could indeed affect fertility in men.8 H Because 
the adverse effects of these pesticides were so catastrophic, especially for 1,2-dibromo-3-
chloropropane (DBCP), they could relatively easily be detected in small size studies or 
through case reports. However, as modern pesticides are supposed to be less toxic to 
humans, more subtle effects of these pesticides on human fertility will not come forth so 
easily. Therefore, it is no surprise that results of recent studies on pesticides and fertility 
are inconsistent. 
Of all agricultural workers, men and women working in flower greenhouses probably 
experience the largest hazards, due to the nature and the amounts of pesticides used, the 
time spent indoors, the lack of ventilation, and the type of work which involves a high 
frequency of handling plants and flowers without gloves. In the Netherlands, approximately 
40% of all workers in horticulture work in flower greenhouses. This population comprises 
greenhouse owners and their families as well as hired workers, most of them working in 
permanent jobs. In addition, a number of workers is hired seasonally. The majority of 
greenhouse workers are men, but approximately 30% of the population consist of women, 
predominantly of reproductive age. 
Objectives and hypotheses 
The overall aim of the study described in this thesis was: to identify the occupational 
hazards with respect to fertility due to past and current exposure to pesticides among male 
and female workers in flower greenhouses and to relate the effects found to type 
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of pesticides, working conditions, and working methods in order to find leads for 
prevention. 
The specific hypotheses were. 
/ Λΐο/e and female workers in flower greenhouses who have worked in this sector for at 
least five years and have had a history of reproduction (attempts) show longer times-to-
pregnancy and lower offspring sex-ratios than a comparable reference population without 
occupational exposure to pesticides 
2 Sperm quality (total count, concentration, motility, and morphology) of male flower 
greenhouse workers with exposure to pesticides will decrease during a period of pesticide 
application and intensive contact with plants in sprayed areas 
3. Ovarian function (menstrual cycle characteristics I reproductive hormones) of female 
flower greenhouse workers exposed to pesticides will change during a period of pesticide 
application and intensive contact with plants in sprayed areas. 
These hypotheses have been elaborated in several different sub-studies which make up the 
overall study on pesticides and fertility and this thesis 
Study design and outline of the thesis 
After extensive review of the literature, a study was designed which consisted of two steps 
The first step comprised a questionnaire study and the second step a field study, which was 
subdivided into exposure assessment and male and female fertility. These different parts of 
the overall study form the four main parts of this thesis. 
Port / Literature review 
Two detailed reviews of the literature regarding pesticide exposure and effects on human 
reproduction and fertility among women (Chapter 2.1) and among men (Chapter 2.2) 
form the basis for the study described in the next chapters. The literature points in the 
direction of endocrine disrupting properties of pesticides, affecting fertility in men and 
women through disruption of hormonal functions. 
Port 2 Questionno/re study 
A postal questionnaire on time-to-pregnancy, offspring gender, reproductive outcomes, and 
several work and exposure related parameters was sent to 1536 men and 604 women of 
reproductive age working m flower greenhouses and to 2350 men and 949 women known 
to be working in the cleaning sector. In addition, we send questionnaires to 2414 owners of 
greenhouses and to 4691 shopkeepers and market stallholders without exposure to 
pesticides. The questionnaire data were used to analyse the adverse effects of long-term 
pesticide exposure on fertility, characterized by time-to-pregnancy among women 
(Chapter 3.1) and among men (Chapter 3.2) In addition, other reproductive disorders 
were evaluated in greenhouse workers compared to the referent group (Chapter 4). 
10 
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Pan 3: Exposure assessment study 
Based on the questionnaire data, a selection was made of greenhouse workers exposed t o 
pesticides and an unexposed group of controls t o be included in step t w o of the study. The 
aim of this step was t o investigate adverse effects of short-time pesticide exposure on 
fertility in men and women. T o substantiate this, we conducted a semi-quantitative 
exposure assessment study using the DREAM method t o evaluate exposure t o pesticides 
for the participating male greenhouse workers ( C h a p t e r 5). 
Port 4: Sperm quality and ovarian function study 
In this part of the study, the adverse effects of current pesticide exposure among men and 
women w e r e evaluated. For men, we studied the association between semen parameters 
and dermal exposure t o pesticides in 35 greenhouse workers in a dose-response fashion t o 
evaluate the second hypothesis ( C h a p t e r 6.1). Because semen samples are difficult t o 
obtain, we also measured serum inhibin Β concentration as a marker for the 
spermatogenesis among 79 greenhouse workers and 67 controls not exposed t o pesticides. 
This enabled us t o study the potential dose-response relation between inhibin Β and dermal 
exposure t o pesticides ( C h a p t e r 6.2). For women, we assessed the ovarian function 
among 50 greenhouse workers and 35 controls by menstrual cycle diaries and basal body 
temperature in three cycles. Furthermore, levels of 17ß-estradiol in urine and serum 
progesterone were measured on specific days in the third cycle before and during the 
spraying season ( C h a p t e r 7) . 
The final chapter ( C h a p t e r 8) addresses the overall aim and the specific hypotheses as 
described in this introduction in light of the results of this study and previous studies on 
pesticides and fertil ity. In addition, the methods and results of the study are compared wi th 
the literature and evaluated wi th a view to practical implications and possible leads for 
further research. 
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Abstract 
Some pesticides may interfere with the female hormonal function, which may lead to 
negative effects on the reproductive system through disruption of the hormonal balance 
necessary for proper functioning. Previous studies primarily focused on interference 
with the estrogen and/or androgen receptor, but the hormonal function may be 
disrupted in many more ways through pesticide exposure. The aim of this review is to 
give an overview of the various ways in which pesticides may disrupt the hormonal 
function of the female reproductive system and in particular the ovarian cycle. 
Disruption can occur in all stages of hormonal regulation: I hormone synthesis; 2. 
hormone release and storage; 3. hormone transport and clearance; 4 hormone 
receptor recognition and binding, 5. hormone postreceptor activation, 6. the thyroid 
function; and 7. the central nervous system. These mechanisms are described for effects 
of pesticide exposure in vitro and on experimental animals in vivo. For the latter, potential 
effects of endocrine disrupting pesticides on the female reproductive system, i.e. 
modulation of hormone concentrations, ovarian cycle irregularities, and impaired 
fertility, are also reviewed. In epidemiological studies, exposure to pesticides has been 
associated with menstrual cycle disturbances, reduced fertility, prolonged time-to-
pregnancy, spontaneous abortion, stillbirths, and developmental defects, which may or 
may not be due to disruption of the female hormonal function. Because pesticides 
comprise a large number of distinct substances with dissimilar structures and diverse 
toxicity, it is most likely that several of the above-mentioned mechanisms are involved in 
the pathophysiological pathways explaining the role of pesticide exposure in ovarian 
cycle disturbances, ultimately leading to fertility problems and other reproductive 
effects. In future research, information on the ways in which pesticides may disrupt the 
hormonal function as described in this review, can be used to generate specific 
hypotheses for studies on the effects of pesticides on the ovarian cycle, both in 
toxicological and epidemiological settings. 
Female fertility 
Introduction 
Although a substantial amount of research has been conducted to associate occupational 
exposure to pesticides with fertility problems in men,1"4 studies among women are 
scarce. One reason may be that exposure to pesticides is higher among men, because 
men usually apply pesticides whereas women get exposed through re-entry activities 
only. Another reason may be that fertility in women is more difficult to assess than 
fertility in men. The ovarian cycle has not been as fully explored as the spermatogenesis 
in men. Ovarian disorders can be caused by a large variety of factors, such as high levels 
of physical activity, age, stress, smoking, and caffeine use.5"7 In addition, exposure to 
chemicals such as benzene and polychlorinated biphenyls (PCBs) can affect the menstrual 
cycle.8,9 There are also indications that exposure to particular pesticides may induce 
ovarian dysfunction. Recently, Farr et al. examined the association between pesticide 
exposure and menstrual cycle characteristics.10 They observed that women who worked 
with pesticides suspected of being hormonally active had a 60-100% increased odds of 
experiencing long cycles, missed periods, and intermenstrual bleeding compared with 
women who had never worked with pesticides. In two study on time-to-pregnancy 
among female greenhouse workers,"12 the authors concluded that female workers in 
flower greenhouses may have reduced fecundability and that exposure to pesticides may 
be part of the causal chain. In one other study, an increased risk of infertility was 
observed among women exposed to pesticides or working in industries associated with 
agriculture.l3'H 
Some pesticides may interfere with the female hormonal function and thereby cause 
negative effects on the reproductive system. Most previous studies focused on 
interference with the estrogen and/or androgen receptor, but the hormonal function can 
be disrupted in many more ways through pesticide exposure. The aim of the present 
review is to give an overview of the various ways in which pesticides may disrupt the 
hormonal function of the female reproductive system and in particular the ovarian cycle. 
As adequate exposure assessment studies in humans are scarce for most pesticides, this 
review will not provide information on dose-response relations nor does it pretend to 
discuss risk assessment. 
Female fertility 
Subfertility is defined as the inability to conceive within 12 months of regular, 
unprotected sexual intercourse and affects about 10 - 15% of all couples in the Western 
world.15 A World Health Organization (WHO) multi-centre study revealed that the 
problem was predominantly male in 20% of subfertile couples and predominantly female 
in 38% of the cases, whereas 27% showed abnormalities in both man and woman and no 
evident cause of subfertility was identified in the remaining 15%." Five types of 
subfertility disorders are distinguished.17 
1. Male subfertility. Low sperm concentration, reduced motility and/or abnormal 
morphology of sperm are the dominant causes of subfertility in 20 - 25% of couples.18"20 
Male subfertility is generally expressed as a reduced ability of the female partner to 
become pregnant. 
2. Ovulation disturbances. Problems with ovulation account for subfertility in another 20 
- 25% of couples and is thereby a frequent cause of subfertility in women.18 Ovulation 
17 
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problems present themselves as irregular or absent menstrual periods and can be 
substantiated through measurement of reproductive hormones. 
3. Defects in spermatozoa-cervical mucus interaction Abnormal cervical mucus may 
prevent the sperm from reaching the oocyte Some authors estimate that cervical 
hostility is a cause of subfertihty in 10 - 15% of couples,18 " whereas others deny its 
mere existence.20 
4. Tubopentoneal disorders Tubal damage and/or obstruction, hydrosalpinx, pelvic 
adhesions, and endometriosis are the mam cause of subfertihty in 10 - 30% of couples.18 
In many instances, these problems originate from infections 
5 Unexplained subfertihty Despite advances in the diagnosis of causes of subfertihty, 
inability to conceive remains unexplained in 25 - 30% of fully investigated couples l820 
An important factor in female subfertihty is age. The risk of subfertihty increases from 
10% to 30% when women are over 35 years of age This is of particular importance 
nowadays, as an increasing number of women delay pregnancy until the age when natural 
female fertility is m decline, due to a higher number of chromosomal aberrations m the 
oocytes. Hormonal balance is another important factor in female fertility, m particular 
regarding the ovarian cycle. Lifestyle factors, including stress, extreme body weight (too 
low or too high), coffee consumption, diet, and excessive exercise can affect a woman's 
hormonal balance and subsequent ovulatory pattern. Hormonal imbalance and ovulatory 
problems are much less often caused by hormonal diseases, such as pituitary gland 
tumors. But there are indications that endocrine disrupting chemicals, such as PCBs and 
certain pesticides, can influence the hormonal balance and thus increase the risk of 
subfertihty.21 In this review, we will elaborate on hormonal function disturbances 
associated with pesticide exposure. 
Pesticides 
Pesticides are used in agriculture and public health to control insects, weeds, animals, 
and vectors of disease. The Food and Agriculture Organization of the United Nations 
(FAO) defined a pesticide as 'any substance or mixture of substances intended for 
preventing, destroying or controlling any pest, including vectors of human or animal 
disease, unwanted species of plants or animals causing harm or otherwise interfering 
with the production, processing, storage, transport, or marketing of food, agricultural 
commodities, wood, wood products or animal feedstuffs, or which may be administered 
to animals for the control of insects, mites/spider mites or other pests in or on their 
bodies'22 Next to these intended effects, pesticides may also have adverse health effects 
for human beings. The mam adverse health effects are difficulty m breathing, headaches, 
neurological or psychological effects, irritation of skin and mucous membranes, skin 
disorders, effects on the immune system, cancer, and reproductive effects The 
manifestation of these effects depends on the type of pesticide and on level and duration 
of exposure. In this review, we will only focus on potential reproductive effects of 
pesticide exposure. Pesticides may cause reproductive toxicity through several different 
mechanisms: direct damage to the structure of cells, interference with biochemical 
processes necessary for normal cell function, and biotransformation resulting in toxic 
metabolites (Figure I) Reproductive effects that have been associated with pesticide 
exposure m women are decreased fertility, spontaneous abortions, stillbirth, premature 
birth, low birth weight, developmental abnormalities, ovarian disorders, and disruption 
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of the hormonal function.2324 Pesticides that may disrupt the hormonal function are 
often called endocrine disrupting chemicals (EDCs), just like other agents with similar 
mechanisms of action. An ECD may be defined as an exogenous agent that interferes 
with the synthesis, secretion, transport, binding, action, or elimination of natural 
hormones in the body that are responsible for the maintenance of homeostasis, 
reproduction, development and/or behaviour.2125 Endocrine disrupters are usually either 
natural products or synthetic chemicals that mimic, enhance (agonists), or inhibit 
(antagonists) the action of endogenous hormones.25 Body burden, dose, timing, and 
duration of exposure at critical periods in life are important considerations for assessing 
the risk of an adverse effect of endocrine disrupters. In the next paragraphs, we will 
review the ways in which pesticides may disrupt the female hormonal function of the 
reproductive system on the basis of experimental animal studies (in v/vo) and cell culture 
studies (in vitro), which often provide the first indications of potential reproductive 
effects (Table I). We only describe possible mechanisms of disruption mentioned in the 
literature to indicate hazards, without judgement about human risks based on dose-
response relations. 
Pt i t i c ld · »xpo iur · Mechanisms of action: 
• Direct damage co che structure of cells 
• Interference with biochemical processes necessary for normal cell funcoon 
• Biotransformation resulting in ÏDXIC metabolites 
- Effect on fertility 
• Spontaneous abortion 
. Stillbirtiis 
• Premature birth 
- L o w birth weight 
-Developmental defects 
- Disruption of hormonal ftnotlon: 
* Interférence with hormone symhess 
* Interference with hormone release end storage 
* Interference with hormone transport and 
clearance 
* Interference with hormone receptor recogiition 
and binding 
* Interference with hormone postreceptor 
ectnrdovi 
* I nterference with the thyroid function 




- Effect on reproductive system: 
• Changes m hormone levels 
• Ovarian cycle irregulaoes 
• Impaired fertility 
- Spontaneous abortion? 
-Prematmbbth? 
- Developmental defects? 
Figure I. Potential effects of pesticides on female reproduction 
Disruption of the female hormonal function 
/. Interference with hormone synthesis 
All hormones differ in their chemical structure and have a different route of synthesis 
with innumerable different steps. If one substance or link is disturbed in the chain of 
hormone synthesis, the hormone may not be produced or may get different properties. 
Some pesticides, such as fenarimol, prochloraz, and other imidazole fungicides possess 
19 
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- binding and activating the estrogen receptor26 
- binding other receptors27 
- binding and activating the estrogen receptor29 
- interference with hormone storage and release29 
- interference with hormone synthesis30 
- binding without activating the estrogen receptor3132 
- binding without activating the estrogen receptor3132 
- unknown -
- binding and activating the estrogen receptor41'44 
- binding other receptors41 
- binding other receptors45 47 
- unknown -
- unknown -
- binding and activating the estrogen receptor51 
- binding other receptors51 
- interference with hormone storage and release29 
- interference with overall metabolic rate5657 
- interference with overall metabolic rate5 '57 
- interference with hormone transport and clearance58 
- binding and activating the estrogen receptor285960 
- binding other receptors45516I 




- modulation of hormone concentrations33 34 
- ovarian cycle irregularities35 39 
- unknown -
- impaired fertility40 
- unknown -
- unknown -
- ovarian cycle irregularities4849 
• ovarian cycle irregularities50 
• ovarian cycle irregularities52 
- impaired fertility5354 
- impaired fertility55 
- unknown -
- unknown -
- modulation of hormone concentrations44 
- ovarian cycle irregularities52 
















- interference with hormone storage and release65 
binding and activating the estrogen receptor41 +466 
binding other receptors27 
binding and activating the estrogen receptor28 
interference with hormone synthesis'768 
binding and activating the estrogen receptor41 M 
binding other receptors41 
binding other receptors70 
binding and activating the estrogen receptor71 
binding other receptors71 
interference with hormone synthesis72 
• unknown - ' 
• interference with hormone synthesis41 
- binding and activating the estrogen receptor79 
• interference with hormone synthesis80 8I 
• interference with hormone storage and release82 
binding without activating the estrogen receptor83 8S 
interference with hormone postreceptor activation86 
binding other receptors45 ^ 







- modulation of hormone concentrations73 74 
• ovarian cycle irregularities75 
impaired fertility74 
- modulation of hormone concentrations76 78 




• modulation of hormone concentrations33 34 
• ovarian cycle irregularities83 85 
• impaired fertility87 8e 
• unknown -
• ovarian cycle irregularities48 ^ 
• ovarian cycle irregularities91 
• impaired fertility91 92 
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- binding and activating the estrogen receptor·1 
- binding other receptors41 
- binding and activating the estrogen receptor" ' 3 " 
- binding other receptors45 
- interference with the central nervous system62 ' 3 
- interference with hormone synthesis41 
- unknown -
- interference with hormone storage and release65 
• binding and activating the estrogen receptor102 
interference with overal metabolic rate56 5 7 
- binding and activating the estrogen receptor102 
- interference with hormone synthesis41 
- interference with hormone synthesis103 
- interference with hormone synthesis81 
- binding without act mating the estrogen receptor41 
- binding other receptors41 
- binding other receptors45 6 I 
- interference with hormone synthesis41 
- interference with hormone synthesis30 
- interference with overall metabolic rate56 57 
- interference with hormone synthesis30 
- binding without activating the estrogen receptor31 3Î 
unknown -
- modulation of hormone concentrations'7 " 
• impaired fertility53 54 »e " 
• unknown -
• ovarian cycle irregularities100 l01 
• impaired fertility101 
• unknown -
• unknown -





















- interference wi th hormone synthesis104 
- unknown -
- binding and activating the estrogen receptor 5 1 · 7 I 
- hormone receptor act ivat ion1 0 5 · l 0 6 
- unknown -
- interference w i th hormone synthesis108 
- interference wi th hormone storage and release109 
- binding and activating the estrogen receptor43· **· * ' 
- binding and activating the estrogen r e c e p t o r " 
- binding and activating the estrogen r e c e p t o r " 
- binding other receptors45· 11 i-i is 
• ovarian cycle irregularities104 
• ovarian cycle irregularities48 
• unknown -
• unknown -
• ovarian cycle irregularities107 




T a b l e I . Pesticides w i t h k n o w n o r suspected endocr ine disrupt ing proper t ies , mechan isms, and effects on t h e f e m a l e reproduct ive 
system in e x p e r i m e n t a l an imals 
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the ability to inhibit estrogen biosynthesis through CYPI9 aromatase inhibition in wtro,6 7 6 8" 
preventing the conversion of androgens to estrogens. Vinggaard et al. hypothesized that 
compounds which can inhibit aromatase activity in vitro may be able to cause local changes 
in estrogen and androgen concentrations in vivo.** Aromatase induction is a physiological 
mechanism to deactivate xenobiotics, which does not inevitably cause a toxic effect The 
pesticides atrazme, simazme, and propazme (2-chloro-triazine herbicides) induce aromatase 
activity in vitro.30 For ρ,ρ-DDE, the induction of aromatase has been demonstrated in vitro 
and in v/vo.103 In addition, the pesticides methomyl, pinmicarb, propamocarb, and iprodion 
can weakly stimulate aromatase activity,41 whereas heptachlor may act as an inducer of 
testosterone 16-alphaand 16-beta hydroxylases.72 
Thiram, Sodium N-methyldithiocarbamate (SMD), and other dithiocarbamates are known 
to suppress the dopamme-beta-hydroxylase activity leading to reduced conversion of 
dopamine to norepinephrine.104108"4 This may lead to changes in hypothalamic cate­
cholamine activity involved m generating the proestrus surge in LH, which stimulates the 
final stages of ovulation. Goldman et al. concluded that SMD is able to block the LH surge 
and ovulation in rats.104 Ketaconazole inhibits various enzymes which belong to the 
CYP450-dependent monooxygenases and also inhibits progesterone synthesis.80βι 
2 Interference with hormone storage and release 
Interference with hormone storage and/or release is also mentioned in the definition of 
EDCs as a mechanism of action. Catecholamine hormones (e.g. norepinephrine) are stored 
in granular vesicles of chromomaffin cells within the adrenal medulla and within presynaptic 
terminals in the central nervous system. Therefore, they can be released quickly on 
demand. In contrast, steroid hormones are not stored mtracellularly within secretory 
granules, but are readily synthesized after gonadotropin stimulation of the gonads. 
The formamidme pesticides chlordimeform and amitraz have been reported to block 
norepinephrine binding to the alpha 2-andrenoreceptors.2' Norepinephrine is critical for the 
preovulatory increase in the pulsatile release of GnRH and the subsequent ovulatory surge 
of LH."5 Thiram suppresses the proestrus surge of LH and delays ovulation m the female 
rat.109 Disruption m the timing of the LH surge could alter the viability and the quality of the 
oocyte"6 and a potential conceptus by pre-ovulatory over-ripeness ovopathy (PrOO)."7 
Inhibition of progesterone secretion and poor conception occurred after malathion 
exposure at the onset of estrus in cattle.90 
3. Interference with hormone transport and clearance 
For the most part, steroid hormones in the bloodstream do not float around freely, but are 
bound to carrier proteins, such as SHBG and albumin. Because only free hormones can be 
biologically active, increases or decreases in the concentration of SHBG will have a major 
impact on the available and active steroid hormone concentrations in blood. Estrogens are 
known to increase the synthesis of SHBG in the liver and thus increase the SHBG 
concentration in plasma, whereas androgens decrease these concentrations.25"8 Substances 
that mimic these natural hormones may cause similar changes, but no specific papers dealing 
with effects of pesticides on SHBG levels have been found. 
In contrast, reports are known about the influence of pesticides on clearance of steroid 
hormones, mostly occurring in the liver. The clearance rate is different for each hormone 
and is influenced by compounds that alter liver enzyme activity involved in hormone 
24 
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clearance. Many pesticides induce the liver enzymes monooxygenase and UDP-
glucuronosyltransferase,"9 resulting in increased clearance of the pesticide itself for 
detoxification purposes, but also of testosterone.120121 For instance, DDT analogs are 
potent inducers of hepatic microsomal monooxygenase activity in vivo,58 which degrades 
endogenous androgens, resulting in suppressed androgen receptor mediated activity. These 
effects have also been suggested for endosulfan and mirex.65 Similarly, treatment with 
lindane has been reported to increase the clearance of estrogens.82 
4. Interference with hormone receptor recognition and binding 
This mechanism of endocrine disruption is much discussed in the literature. Hormones 
travel from their point of release in the bloodstream to particular tissues where they 
convey their messages. For the message to be interpreted, hormones bind to receptors. 
Hormone and receptor have a precise fit, so that only a specific type of hormone can bind 
to a specific receptor (Figure 2).23 A number of environmental agents may alter this process 
by mimicking the natural hormone (agonists) or by inhibiting receptor binding (antagonists). 
The latter mechanism is based on complete or partial blocking of the specific receptor. 
Regarding the estrogen receptor, this mechanism only applies when the endocrine 
disruptor concentration is high, because the affinity of endocrine disruptors for the 
estrogen receptor is usually many times lower than that of 17-beta-estradiol. Three 
different mechanisms are elaborated below: I. binding and activating the estrogen receptor; 
2. binding without activating the estrogen receptor; and 3. binding other receptors. 
4.1 Binding and activating the estrogen receptor 
When an endocrine disruptor or one of its metabolites bind and activate the estrogen 
receptor, the endocrine disruptor will imitate the hormone 17ß-estradiol. The substance 
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thus acts as an agonist and is called estrogenic. Possible effects may be decreased 
production of GnRH by the hypothalamus (negative feedback system) and of LH and FSH by 
the pituitary gland. As a result, the levels of LH and FSH will drop and finally lead to a lack 
of estradiol. Under normal circumstances, the hypothalamus will then be triggered to 
produce more GnRH, but this will be prevented by the endocrine disruptor. As a result, 
the hormonal cycle may be disrupted. 
Several pesticides or their metabolites have been reported to possess estrogemcity m vivo, 
e.g. methoxychlor,93" kepone,7' and DDT 2 8 5 " 0 and/or m vitro, e.g. ο,ρ'-DDT and p,p'-
DDT,60 endosulfan,4""66 toxaphene,434466 dieldnn,41 M fenanmol,41 " tnadimefon,6' tnadi-
menol," aldrm,28 endrm,28 methiocarb,41 pentachrophenol,102 nonylphenol,102 alachlor,26 
fenvalerate,71 chlordecone,51 and sumithrm.5171 Some pesticides are weakly estrogenic, but 
may act additively in combination of two or more pesticides. When mixed together they 
may induce estrogenic responses at concentrations lower than those required when each 
compound is administered alone.43 
4 2 Binding without activating the estrogen receptor 
If an endocrine disruptor or its metabolites bind, but do not activate the estrogen receptor, 
the substance acts as an antagonist and inactivates the estrogen receptor, preventing 
estradiol to bind. As a result, the hypothalamus stimulates production of GnRH and the 
pituitary gland will produce more LH and FSH. The concentration of estradiol will also 
increase, but because the feedback mechanism is disrupted, GnRH will not decrease. 
Eventually, the estrogen receptors may become less sensitive through prolonged exposure 
to high concentrations of estrogen and/or endocrine disruptors. 
The results of a study by Cooper et al. indicate that lindane may effectively block the 
response of estrogen-dependent tissues and that this apparent anti-estrogenic effect is 
responsible for the disturbances observed in the neuroendocrine control of ovarian 
function in rats.84 Other studies also suggest that lindane is anti-estrogenic and is able to 
disrupt the estrus cycle.8385 Atrazme, simazine, and diammochlorotriazme expressed anti­
estrogenic activity in uteri of female rats without expressing intrinsic estrogenic activity, but 
the precise mechanism is not known.31 " 
4.3 Binding other receptors 
The fungicide vmclozolm and two of its metabolites bind the androgen receptor and act as 
androgen receptor antagonists in vitro and in wvo.45 3 Procymidone and DDT also 
express anti-androgemc activity.45" A paper by Kelce et al. presents consistent evidence 
that DDT and DDE compete with androgens for their receptors.51 In addition, several 
studies suggest that the pesticides methoxychlor,45 linuron,458' femtrothion, and biphenol 
act as androgen antagonists in vitro and/or in vivo.454770 The presence of a potent androgen 
antagonist m a sufficient internal dose may create an overall estrogenic effect. The 
pyrethroid insecticides fenvalerate and d-trans allethnn seem to antagonize the action of 
progesterone.71 
Some endocrine disruptors act through one of the above mechanisms, while others may 
cause their effects in several different ways. For instance, DDT was found to be estrogenic, 
but can also bind to the androgen receptor.102 The pesticides dieldnn, endosulfan, 
methiocarb, and fenanmol are known as both estrogen agonists and androgen antagonist.41 
Prochloraz acts as estrogen and androgen antagonist.41 Endosulfan and alachlor have been 
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found to bind to the estrogen receptor as well as the progesterone receptor27 Kelce et al 
showed that chlordecone binds rather efficiently to estrogen receptors while it may also 
bind to androgen receptors at higher concentrations5I Although the potencies of these 
pesticides to act as hormone agonist or antagonists are low compared to the natural 
hgands, the integrated response in the organism might be amplified by the ability of 
pesticides to act via several mechanisms and by frequent simultaneous exposure to different 
pesticides 4 I 
5 Interference with hormone postreceptor activation 
If an agonist binds to its receptor, a cascade of events is initiated for the appropriate cellular 
response necessary for signal transduction across the membrane or, in case of nuclear 
receptors, the initiation of or alteration in DNA-transcription and protein synthesis25 
Lindane has been demonstrated to decrease phosphatidylmositol turnover m the membrane 
and to reduce protein kmase-C activatione' Steroid hormone receptor activation may also 
be modified by indirect mechanisms such as a downregulation, which is seen after TCDD 
exposure l05 "* 
6 Interference with the thyroid function 
Pesticides like chlorophenols, chlorophenoxy acids, organochlonnes, and quinones have 
been shown to alter thyroid gland function and to reduce circulating thyroid hormone 
levels5657 Reduction in thyroid hormone levels can compromise the catalytic activity of 
hepatic cytochrome P450 monooxygenases, resulting in an altered hepatic androgen 
metabolism l 2 2 
7 Interference with the central nervous system 
The central nervous system (CNS) is very important in the integration of hormonal and 
behavioral activity Disturbances in these finely tuned mechanisms can severely impair 
normal adaptive behavior and reproduction Since many pesticides are known to be 
neurotoxic, it is conceivable that these chemicals can disrupt the coordinating activity of the 
CNS by disrupting brain cell functions25 Also, pesticides can alter the hypothalamic and 
pituitary function and thus secretion of GnRH, LH, and FSH in a more direct manner by 
modifying the feedback of endogenous hormones For example, it has been demonstrated 
that low-dose exposure to ο,ρ-DDT and methoxychlor can result in diminished 
hypothalamic and pituitary function in rodents6 2 6 3 Finally, it is postulated that any 
environmental compound mimicking or antagonizing steroid hormone action could 
presumably alter the glycosylation of LH and FSH, thereby reducing their biological 
activity l23 
Potential effects of hormone disruption on the female reproductive system 
The function of the female reproductive system depends upon hormone concentrations and 
their balance Endocrine disruption may result m disturbances in the reproductive system, 
such as modulation of hormone concentrations, ovarian cycle irregularities, and impaired 
fertility,124 which may be due to any of the mechanisms mentioned above In many studies 
addressing these disturbances, however, the mechanisms are not specified These studies, 
describing the effects of endocrine disrupting pesticides on the female reproductive system 
in more general terms, are summarized below (Table I) As the majority of these studies 
are experimental animal studies, one should keep m mind that the estrus cycle m animals 
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only partly corresponds with the ovarian cycle in humans, but that the phases (proestrus, 
estrus, metestrus, and diestrus) are different. Estrus is the period of greatest female sexual 
responsiveness usually coinciding with ovulation. Diestrus is the luteal phase of the estrus 
cycle when the female is not receptive to the male and the progesterone levels are high. 
Modulation of hormone concentrations 
Hormonal balance, ι e. a proper level of sexual hormones, is important to preserve female 
reproduction and maintain fertility. This balance can be disturbed by changing levels of 
estrogen or progesterone. Estrogen levels may be decreased by several pesticides. 
Treatment of rats with the insecticide heptachlor suppressed estradiol concentrations in 
blood and reduced the production of estradiol by ovarian cells of treated rats.737'' Lindane, 
atrazme, and simazme also cause a decrease in circulating estradiol levels in rats.3334 In 
monkeys, ovulatory levels of estradiol were reduced after high doses of hexachloro-
benzene,77 which also induced anovulatory cycles and suppression of circulating levels of 
estradiol,78 and a dose dependent suppression of serum progesterone concentrations during 
the luteal phase.76 Progesterone levels may be decreased by exposure to methoxychlor as 
well, especially during the estrus phase of the estrus cycle in rats ' 7 ' 8 During early 
pregnancy, progesterone concentrations decreased after treatment with DDT in rabbits M 
Ovarian cycle irregularities 
The female ovarian cycle is the result of a balanced cooperation between several organs and 
is determined by a complex interaction of hormones Ovarian cycle irregularities include 
disturbances in the ovarian cycle (eg longer cycle, persistent estrus) and ovulation 
problems (deferred ovulation or anovulation). 
Disturbances m the ovarian cycle. Organochlorme compounds are known to interrupt the 
estrus cycle in rats."S 4 The number of estrus cycles and the duration of each phase of the 
estrus cycle were significantly affected after treatment of rats with methyl parathion.100101 
The pesticides dimethoate, malathion, and sumithion gave similar results.48•*' Atrazme, an 
antagonist of the estradiol receptor, can alter the estrus cychcity m rats and caused 
lengthening of the estrus cycle and an increase in the number of days in estrus.363' 
Carbofuran effected the estrus cycle by showing a decrease in the number of estrus cycles 
and the duration of each phase,50 which may be due to a direct effect on the ovary or on 
the hypothalamus-pituitary-ovanan axis causing hormonal imbalance. The pesticide 
heptachlor may cause disrupted and prolonged estrus cycles.75 Treatment with DDT and 
chlordecone resulted in persistent estrus in rats. Lindane induced marked disturbances in 
the estrus cycle, prolonging the proestrus phase considerably and thereby delaying 
ovulation.8385'25 The pesticides hexachlorobenzene, mancozeb, and S.B'.^'-tetrachloro-
azoxybenzene may also cause cycle irregularities, such as a decrease in the number of 
estrus cycles and an increase in the duration of diestrus.7677" '07 
Ovulation problems Endocrine disrupters with estrogenic properties may be able to block 
ovulation similar to contraceptive pills. The midcycle surge of LH from the pituitary gland 
provides the physiological trigger for the process of ovulation m the mammalian female. Any 
agent that compromises the LH surge could function as a reproductive toxicant l 2 6 Atrazme, 
for instance, can cause anovulation due to suppression of LH secretion.35 The proestrus LH 
surge in rats was suppressed after treatment with chlordecone,52 whereas Muller et al 
found that hexachlorobenzene can block ovulation in rhesus monkeys.78 In this study, low 
estrogen levels were found during anovulatory cycles The pesticides thiram and sodium N-




Human fertility is a delicate process that can be influenced by many factors, such as 
hormonal imbalance caused by pesticides.127 However, in most studies it is not clear 
whether impaired fertility is due to hormonal imbalance or to other toxic effects. Fenarimol 
was found to cause a dose-related decrease in fertility in rats.67 Baliger et al. found a 
decrease in the number of healthy follicles and an increase in the number of atretic follicles 
in mancozeb treated rats." Also, treatment with methoxychlor and chlordecone caused an 
increase in the number of atretic follicles. This indicates a potential reduction in fertility.53,54 
A decrease in the number of healthy follicles was also seen after methyl parathion 
treatment.101 Exposure to mancozeb and methyl parathion may lead to a decrease in uterus 
weight as well, which may affect implantation.92101 Inhibition of implantation can be caused 
by mancozeb,'2 methoxychlor,'8 heptachlor,74 and chlordimeform.55 Methoxychlor 
accelerates embryo transport rate in rats and induces preimplantation embryonic loss, 
perhaps due to this acceleration." The insecticide lindane modifies sperm responsiveness to 
progesterone in vitro, a physiological effect of the acrosome reaction,8788 which could be a 
cause of infertility in women exposed to lindane. Female alligators from Lake Apopka 
polluted with dicofol and DDT exhibited abnormal ovarian morphology with large numbers 
of polyovular follicles and polynuclear oocytes.40 Also, their estradiol levels were almost 
twice as high as in female alligators from a control lake. The investigators suggested that the 
gonads of juveniles from Lake Apopka were permanently modified in ovo, so that normal 
steroidogenesis is not possible and normal sexual maturation is unlikely. 
Real-life risks of pesticide exposure on the female reproductive function? 
The studies described in the previous paragraphs are mostly studies involving laboratory 
animals (in vivo) or cell cultures (in vitro). Animal and in vitro studies are widely used and are 
often the first indicators of potential reproductive or developmental effects. However, the 
health risks for human populations may be considerably different, because of differences in 
exposure levels,128 reproductive issues, metabolism, size, and lifespan, which make it difficult 
to extrapolate from effects found in animals to effects that might be expected in women.23 
Recognising that a pesticide has the potential to cause harm reveals only a hazard. The risk 
of this pesticide actually inducing a biological effect depends on its properties, but the effect 
will only occur when exposure reaches a particular level.128 Endocrine disrupters that 
accumulate in the body may eventually reach higher threshold levels necessary for exertion 
of their biological effects. Throughout the intricate processes of the menstrual cycle, ovum 
production, fertilization, implantation, and growth and developmental of the fetus, specific 
and often short time intervals exist in which these processes may be particularly susceptible 
to low-dose exposures of endocrine disruptors.23 
Another difficulty in human studies is that people can be exposed to endocrine disruptors 
in various ways, such as through iatrogenic exposure, endogenous estrogens, natural 
substances with estrogenic or androgenic activity (bioflavonoiden), and environmental 
endocrine disruptors like pesticides. In addition, it is quite feasible that interactions between 
endocrine disruptors play a role when there is combined exposure.12' Therefore, the 
results of epidemiologic studies seldom pertain to specific pesticides and firm conclusions 
about causality of effects of endocrine disrupters on the female reproductive system are 
lacking. Still, we will give a quick overview of the epidemiological studies which found 
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associations between pesticide exposure and reproductive effects that may be due to 
disruption of the female hormonal function (Figure I) 
Menstrual cycle disturbances T w o studies examined the effects of pesticide exposure on 
the menstrual cycle Both found associations between serum levels of D D T or a metabolite 
of D D T and short cycles l30 and undefined 'menstrual disturbances' l 3 ' A recent study 
observed that women who currently used pesticides experienced longer menstrual cycles 
and increased odds of missed periods compared wi th women who never used pesticides.10 
In addition, women who used probably hormonally active pesticides had a 60-100% 
increased odds of experiencing long cycles, missed periods, and intermenstrual bleeding 
compared wi th women who had never used pesticides. 
Infertility In a study in the USA, infertile women were observed to be three times more 
likely to ever having been exposed to pesticides14 and nine times more likely to ever having 
worked in agriculture.13 Another study found no correlations between infertility and self-
reported overall pesticide exposure, working m the agricultural sector, o r living on a farm 
during the t w o years before the diagnosis of infertility o r the last pregnancy l32 However, an 
association was present when exposure to herbicides only was considered. 
Time-to-pregnancy Three studies examined the effects of pesticide exposure on the time it 
took couples to become pregnant (time-to-pregnancy (TTP)), which is affected by 
disturbances in the whole chain f rom gametogenesis to embryonic survival.133 I M N o 
consistent pattern of associations was observed by Curtis et al in Canada, but some specific 
pesticides were tentatively associated wi th prolonged TTP.135 Abell et al. and Idrove et al. 
found significantly prolonged TTPs related to high levels of pesticide exposure among 
female worker in f lower greenhouses." '2 
Spontaneous abort ion / stillbirth A number of studies reported that among women 
occupationally exposed to pesticides and/or working in the agricultural sector the risks of 
spontaneous abortion l 3 " 3 ' and stil lbirth l40 m seemed to be significantly increased In 
addition, two reviews concluded that there are numerous indications that exposure to 
pesticides may contribute to spontaneous abortion and/or stillbirth,145 but it is unclear 
whether this should be considered as an endocrine disrupting effect.146 
Developmental defects For birth defects, an overall association with agricultural w o r k was 
observed in a large cohort study.147 Studies focusing on specific birth defects found 
associations between agricultural wo rk and orofacial clefts,138 hypospadias,148 total 
anomalous venous return,149 spina bifida,148'50 and limb reduction defects,148"1 although the 
relation wi th limb reduction defects was contradicted by one other study.152 In a well-
conducted Finnish study of women in agricultural occupations, the investigators found that 
exposure to pesticides during the first tr imester of pregnancy nearly doubled the risk of 
cleft lips and palates in offspring l53 A slightly increased risk for central nervous system 
defects was also observed. Again, a cause-effect relation between these defects and 
exposure to endocrine disrupting pesticides could not be established 
Conclusions 
In this review, we described the different ways in which pesticides may disrupt the 
hormonal function of the female reproductive system and in particular the ovarian cycle. 
Pesticides are not one common substance, but comprise a large number of distinct 
substances wi th dissimilar structures and diverse toxicity which may act through different 
mechanisms. Therefore, it is most likely that not just one but several of the above-
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mentioned mechanisms are involved in the pathophysiological pathways explaining the role 
of pesticide exposure in ovarian cycle disturbances ultimately leading t o ferti l ity problems 
and other reproduct ion toxic effects. A disadvantage of the studies described is that they 
were mostly laboratory animal and cell culture studies. These often provide the first 
indications of potential reproductive effects of a chemical, but it is difficult t o extrapolate 
the effects found in laboratory animals t o effects that might be expected in women. 
Therefore, w e also reviewed epidemiological studies which lead t o the conclusion that 
exposure t o pesticides may be associated wi th menstrual cycle disturbances, reduced 
fertility, prolonged time-to-pregnancy, spontaneous abortion, stillbirths, and developmental 
defects. However, in most of these studies specific information on pesticide exposure and 
the pathophysiological mechanisms involved was missing. Furthermore, we have t o take into 
account that dose, timing, and duration of exposure are critical t o the ability of a pesticide 
t o cause harmful effects. Nevertheless, real-life occupational exposures t o pesticides appear 
t o have adverse effects on female reproduction. In future research, information on the ways 
in which pesticides may disrupt the hormonal function as described in this review, can be 
used t o generate specific hypotheses for studies on the effects of pesticides on the ovarian 
cycle, both in toxicological and epidemiological settings. 
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Abstract 
In the past decades several studies showed a decline in human semen quality and an 
increased incidence in other abnormalities of the male reproductive organs, such as 
testicular cancer, hypospadias, and cryptorchidism. Since it is well-known that the male 
reproductive function is highly sensitive to many chemical and physical agents generated by 
industrial or agricultural activities, exposure to these chemicals may be one of the causes of 
declining semen quality and other effects on the male reproductive system. Therefore, we 
give an overview of the mechanisms of pesticide-induced reproductive toxicology and the 
effects of pesticide exposure on male fertility, comprising semen quality and fecundability 
measured by time-to-pregnancy. Pesticides may directly damage spermatozoa, alter Sertoli 
cell function or Leydig cell function, o r disrupt the endocrine function, which is probably 
the main mechanism by which pesticides affect reproduction. Endocrine disruption may 
occur in all stages of hormonal regulation: hormone synthesis; hormone release and 
storage; hormone transport and clearance; hormone receptor recognition and binding; the 
thyroid function; and the central nervous system. These mechanisms are described for 
effects of pesticide exposure in vitro and for experimental animals in vivo. In epidemiological 
studies, effects of pesticides on the male reproductive system, including sperm quality and 
time-to-pregnancy, are reviewed. In these studies, clear effects on male ferti l ity were 
demonstrated for some pesticides (e.g. DBCP and ethylene dibromide). However, results 
f rom more recent studies on the relation between pesticide exposure and semen quality 
are inconsistent. In addition, no uniform conclusion can be drawn about the effect of 





The male testes fulfill two essential functions: spermatogenesis in the seminiferous tubules, 
producing male gametes, and synthesis and secretion of sexual hormones in the 
interstitium. The production of sexual hormones is regulated by the hypothalamus-pituitary-
gonadal axis, comprising the hormones gonadotropin-releasing hormone (GnRH), 
luteinizing hormone (LH), follicle stimulating hormone (FSH), testosterone, and inhibin B.' 
LH and FSH are produced by the pituitary gland under the influence of pulsatile secretions 
of GnRH released by the hypothalamus. LH stimulates Leydig cells in the testis to produce 
testosterone, which is an important hormone for spermatogenesis through stimulation of 
Sertoli cells in the seminiferous tubules. The main function of Sertoli cells is to create a 
favorable environment for germ cell proliferation and maturation. FSH controls 
spermatogenesis via direct stimulation of Sertoli cells. It also stimulates inhibin Β synthesis 
in the Sertoli cells. Both testosterone and inhibin Β regulate GnRH and LH/FSH secretion 
through a negative feedback loop. For normal spermatogenesis to occur, adequate 
functioning of this endocrine regulatory system and the two testicular compartments is 
necessary.2 
The normal adult testes produce more than 100 million spermatozoa per day. To produce 
this large number of spermatozoa, continues renewal of spermatogonia through cell division 
is necessary. A spermatogonium undergoes two mitotic divisions, giving rise to three active 
cells and one resting cell. The resting cell will be the precursor of a later generation of 
spermatozoa. As the active cells move from the basement membrane to the tubules, they 
differentiate into primary spermatocytes, which undergo a meiotic division and become 
secondary spermatocytes. The secondary spermatocytes dived again, resulting in the 
formation of spermatids that differentiate into spermatozoa through a process called 
spermiogenesis, which involves nuclear condensation, shrinkage of cytoplasm, formation of 
an acrosome, and development of a tail.2 Eventually, 64 spermatozoa arise from each 
spermatogonium in a period of approximately 60 to 70 days. After extrusion of the 
spermatozoa in the seminiferous tubules they move to the epididymis, which they traverse 
in approximately 2 to 4 weeks. In the epididymis, the spermatozoa mature to achieve the 
ability to fertilize an oocyte and become increasingly motile. Eventually, the spermatozoa 
reach the vas deferens where they can be stored and remain viable for several months. 
In the complex regulation of hormone production and spermatogenesis, disturbances may 
easily occur, resulting in diminished or absent spermatogenesis and thus sub- or infertility. 
Subfertility is defined as the inability to conceive after 12 months of regular, unprotected 
sexual intercourse and it affects approximately 15% of all couples in the Western world.3 A 
World Health Organization (WHO) multi-centre study revealed that the problem was 
predominantly male in 20% of subfertile couples and predominantly female in 38% of the 
cases, whereas 27% showed abnormalities in both men and women, and no evident cause of 
subfertility was identified in the remaining 15%.4 In 98% of male subfertility cases, deficient 
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spermatozoal quality is the main cause and in the remaining 2% of cases, inadequate sexual 
o r ejaculatory function is the cause of subfertility.5 Male subfertility can be categorized as 
being due to pre-testicular, testicular, o r post-testicular factors which are listed in Table I. 
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Disturbances in sperm-oocyte 
fusion 
Table I. Etiological factors in male infertility and subfertility ' 
Changes in human semen parameters 
As far back as the 1970s and early 1980s, several authors reported a possible decline in 
sperm quality over time.7"" In these early years of research regarding this topic, however, a 
review by MacLeod and Wang did not find evidence for a general decline in sperm quality.12 
As a result, the early findings of a possible secular trend were considered biased by 
research flaws and more or less ignored. In 1992, a meta-analysis by Carlsen et o/.,13 who 
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observed a worldwide decline in sperm concentration of 50% in men with proven or 
unknown fertility between 1939 and 1990, elicited additional research all over the world to 
verify this finding. However, the available literature on secular changes in sperm quality is 
still inconclusive. Some reports verify the finding of a decline in sperm quality,14"20 while 
other authors find no changes or even an increase in sperm quality.21'27 The present 
literature, however, seems to speak in favor of declining semen quality and other 
abnormalities of the male reproductive organs, such as testicular cancer, hypospadias, and 
cryptorchidism, seem to also occur more often.26"30 Because of the relatively short time 
span in which these abnormalities developed, it is conceivable that the causes involve 
lifestyle and/or environmental factors rather than genetic ones. 
In recent literature, much attention is paid to the possible effects of environmental 
endocrine disrupters on early male reproductive development. Because sexual 
differentiation and formation of the male reproductive system mainly occur in the first 
trimester of pregnancy, some male reproductive disorders, including low sperm count, 
subfertility, and testicular cancer, may arise prenatally.31,32 On the other hand, at least part 
of the decline in semen quality may be due to occupational factors affecting the adult male, 
because the male reproductive function is highly sensitive to many chemical and physical 
agents generated by industrial or agricultural activities.33 In this review, we focus on the 
effects of pesticides on male reproduction. First, we will give an overview of the possible 
mechanisms through which pesticides may affect male fertility. Following, the evidence for 
effects of pesticide exposure on semen quality and time-to-pregnancy will be evaluated. 
Mechanisms of pesticide-induced reproductive toxicology 
Direct effects on the testes 
Pesticides are used in agriculture and public health to control insects, weeds, animals, and 
vectors of disease. The Food and Agriculture Organization of the United Nations defined a 
pesticide as 'any substance or mixture of substances intended for preventing, destroying or 
controlling any pest, including vectors of human or animal disease, unwanted species of 
plants or animals causing harm or otherwise interfering with the production, processing, 
storage, transport, or marketing of food, agricultural commodities, wood, wood products 
or animal feedstuffs, or which may be administered to animals for the control of insects, 
mites/spider mites or other pests in or on their bodies1.34 Next to these useful properties, 
pesticides may affect human health including the male reproductive function. 
Damage to the testis may involve all cell types mentioned earlier. Damage to the 
spermatozoa or their precursors may result in reversible or irreversible impaired 
spermatogenesis, depending on the stage of differentiation affected by the chemical. Damage 
to spermatogonia causes irreversible impaired sperm production, because these stem cells 
are not replenished. A striking example of a pesticide acting as such is the nematocide 
dibromochloropropane (DBCP) which caused azoospermia without recovery even after 
seven years of follow-up.35 Damage to cells further in the differentiation process may lead 
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to temporarily decreased fertility because of changes in cell number, structure, motility, or 
viability of spermatozoa. These effects are transient, because spermatogenesis is restored 
from stem cell populations after removal of the offending chemical.29 Pesticides may also 
affect Sertoli cells. Several authors found altered Sertoli cell function or changes in 
morphologic appearance of these cells after exposure to different pesticides in animal and in 
vitro models,36'42 but not all researchers found similar effects.43 Functional impairment, 
damage, or destruction of Sertoli cells is also very detrimental to spermatogenesis, because 
these cells are essential for proliferation and differentiation of all spermatogenic cells. 
Because Sertoli cells do not regenerate after puberty, extensive damage can lead to 
irreversible impairment of spermatogenesis. No directly damaging effects of pesticides on 
Leydig cells are described in the literature. However, the function of the Leydig cell may be 
impaired by pesticide exposure, resulting in decreased testosterone concentrations in 
serum and testicular tissue.*''4' This in turn will lead to diminished Sertoli cell function and 
spermatogenesis. The mechanism through which these pesticides decrease testosterone 
synthesis is thought to be endocrine disruption, which may be the main mechanism 
underlying the effects of pesticides on reproduction. 
Endocrine disrupting chemicals effects 
An endocrine disrupting chemical (EDC) is defined as an exogenous agent that interferes 
with the synthesis, storage and release, transport, metabolism, binding, action, or 
elimination of natural blood-borne hormones in the body that are responsible for the 
maintenance of homeostasis and the regulation of developmental processes.4748 Human 
exposure to EDCs occurs through multiple pathways with diet, drinking water, air, and skin 
as the most common routes of uptake of these chemicals into the body.4' In the next 
paragraphs, we will review the mechanisms relevant for pesticide-induced endocrine 
disrupting effects on male reproduction observed in experimental animal studies (in vivo) 
and cell culture studies (in vitro). 
Interference with hormone synthesis 
A number of pesticides is able to decrease steroidogenesis, for example by inhibiting 
specific enzymatic steps in the biosynthesis pathway of these hormones.50 Examples of 
pesticides with this mechanism are dimethoate, roundup, and lindane, who all reduce StAR 
protein expression.4'·51,52 This particular protein mediates the transfer of cholesterol from 
the outer to the inner mitochondrial membrane, which is the rate-limiting and acutely 
regulating step in steroidogenesis. By blocking the expression of this protein, Leydig cells 
produce less testosterone in w'tro. Another mechanism of action is the reduction of P450 
cholesterol side-chain cleavage enzyme (P450scc) activity by, for example, dimethoate, 
roundup, 2,2-Bis(p-Hydroxyphenyl)-l,l,l-Trichloroethane (HPTE), a metabolite of 
methoxychlor, and ketoconazole.4'51,5354 P450scc is an enzyme that catalyzes the first 
reaction in the testosterone biosynthesis pathway: the conversion of cholesterol to 
pregnenolone. The imidazole fungicide ketoconazole has been shown to reduce multiple 
enzyme activities in testosterone biosynthesis, such as for 17,20-desmolase, 17a-
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hydroxylase, and 17ß-hydroxysteroid dehydrogenase, resulting in decreased testosterone 
concentrations.55'5' 
Interference with hormone storage and release 
This mechanism is also mentioned in the definition of EDCs as a mechanism of action. 
However, steroid hormones are not stored intracellularly within membranous secretory 
granules, but are readily synthesized after gonadotropin stimulation of the gonads. 
Therefore, the release of steroid hormones is primarily dependant on the activation of 
receptors on Leydig and Sertoli cells and the subsequent biosynthesis pathways.60 
Interference with hormone transport and clearance 
For the most part, steroid hormones in the bloodstream do not float around freely, but are 
bound to carrier proteins, such as sex-steroid hormone-binding globulin (SHBG). Because 
only free hormones can be biologically active, increases or decreases in the concentration 
of SHBG will have a major impact on the available free and active steroid hormone 
concentration in blood. Estrogens are known to increase the SHBG concentration in 
plasma, whereas androgens decrease these concentrations.''7·" Substances that mimic these 
natural hormones may cause similar changes, but specific articles citing effects of pesticides 
on SHBG levels could not be found. However, reports are known about the influence of 
pesticides on clearance of steroid hormones, that are catabolized by liver enzymes. Many 
pesticides induce the liver enzymes monooxygenase and UDP-glucuronosyltransferase,62 
resulting in increased clearance of the pesticide itself for detoxification purposes, but also of 
testosterone.63,64 For example, DDT analogs are potent inducers of hepatic microsomal 
monooxygenase activity in wVo,65 which degrades endogenous androgens, resulting in 
suppressed androgen receptor mediated activity. These effects have also been suggested for 
endosulfan and mirex.66 Similarly, treatment with lindane has been reported to increase the 
clearance of estrogens.67 
Interference with hormone receptor recognition and binding 
This mechanism of endocrine disruption is much discussed in the literature. Some pesticides 
may interact with the steroid hormone family of nuclear estrogen receptors (ER) and 
androgen receptors (AR), which both are widely distributed in male reproductive tissues. 
These pesticides disrupt the natural ligand-receptor binding, thereby acting as agonists 
through their chemical resemblance to the natural ligand and/or as antagonists, by blocking 
the receptor for endogenous hormones.68 Mostly it involves EDCs that possess estrogenic 
activity (the largest group) or anti-androgenic activity,69 but some EDCs may have both 
estrogenic and anti-androgenic activity.69,70 Examples of pesticides acting as estrogen 
agonists are endosulfan, toxaphen, dieldrin, ο,ρ'-DDT, ß-HCH, methoxychlor, chlordecone 
(Kepone), and dimethoate.66,71"74 EDCs that may have anti-androgenic activity are, for 
example, vinclozin, ρ,ρ'-DDE, and o,p'-DDT.75'7e Wong et al. also described androgenic 
(agonistic) activity of enanilid, a metabolite of vinclozolin, at high concentrations,79 but other 
literature on androgen-agonistic activity of pesticides is scarce. 
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Interference with the thyroid function 
Pesticides like chlorophenols, chlorophenoxy acids, organochlormes, and qumones have 
been shown to alter thyroid gland function and to reduce circulating thyroid hormone 
levels.80βι Reduction in thyroid hormone levels can compromise the catalytic activity of 
hepatic cytochrome P450 monooxygenases, resulting in an altered hepatic androgen 
metabolism.82 
Interference with the central nervous system 
The central nervous system (CNS) is very important in the integration of hormonal and 
behavioral activity. Disturbances in these finely tuned mechanisms can severely impair 
normal adaptive behavior and reproduction. Since many pesticides are known to be 
neurotoxic, it is conceivable that these chemicals can disrupt the coordinating activity of the 
CNS by disrupting brain cell functions.'17 Resulting neural disorders may lead to impotence, 
failure to achieve an erection, or difficulties in ejaculation, all compromising reproductive 
activity.83 Also, pesticides can alter hypothalamic and pituitary function and thus secretion of 
GnRH, LH, and FSH in a more direct manner by modifying the feedback of endogenous 
hormones. For example, it has been demonstrated that low-dose exposure to o,p'-DDT 
and methoxychlor can result in diminished hypothalamic and pituitary function in 
rodents.8485 Finally, it is postulated that any environmental compound mimicking or 
antagonizing steroid hormone action could presumably alter the glycosylation of LH and 
FSH, thereby reducing their biological activity.86 
Potential effects of pesticides on semen quality and time-to-pregnancy 
The studies described in the previous paragraphs are mostly studies involving laboratory 
animals (m vivo) or cell cultures (in vitro). Animal and in vitro studies are widely used and are 
often the first indicators of potential reproductive or developmental effects. However, the 
health risks for human populations may be considerably different, because of differences m 
exposure levels,87 reproductive issues, metabolism, size, and lifespan, which make it difficult 
to extrapolate effects found in animals to effects that might be expected in men.88 
Recognising that a pesticide has the potential to cause harm reveals only a hazard. The risk 
of this pesticide actually inducing a biological effect depends on its properties, but the effect 
will only occur when exposure reaches a particular level.87 Endocrine disruptors that 
accumule in the body may eventually reach higher threshold levels necessary for exertion of 
their biological effects. Another difficulty m human studies is that people can be exposed to 
endocrine disruptors m various ways, such as through iatrogenic exposure, endogenous 
estrogens, natural substances with estrogenic or androgenic activity (bioflavonoids), and 
environmental endocrine disruptors like pesticides. In addition, it is quite feasible that 
interaction between endocrine disruptors plays a role when there is combined exposure.89 
Therefore, the results of epidemiologic studies seldom pertain to specific pesticides and 
firm conclusions about endocrine disrupting effects on the male reproductive system are 
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lacking. Still, we will give an overview of the epidemiological studies concerning known and 
suspected effects of pesticide exposure on male reproduction. 
Effects of pesticides on semen quality 
The most well-known occupational testicular toxin is DBCP. The first report about adverse 
effects of DBCP on semen quality were published in 1977 when Whorton et al. observed 
oligozoospermia (sperm concentration < 20xlO'/mL) and azoospermia (no spermatozoa in 
ejaculate) in workers of a DBCP-producing factory in California, USA.90 Workers with 
sperm counts beneath one million/mL had been exposed for at least three years, whereas 
men with sperm counts above 40 million had been exposed for less than three months, 
indicating a striking relation between exposure duration and sperm count.90 An additional 
study on these males indicated exposure duration-dependant effects as well. Among a total 
of 107 exposed men, 13.1% showed azoospermia, 16.8% were severely Oligozoospermie, 
and 15.8% were mildly Oligozoospermie. Sperm motility and morphology were also affected 
after, on average, eight years of DBCP exposure." Similar results were obtained by 
Potashnik et al., who reported azoospermia after chronic DBCP exposure (2-10 years) in 6 
DBCP factory workers, 2 of whom suffered from infertility and 4 from decreased libido or 
impotence. Testicular biopsies revealed complete atrophy of the seminiferous epithelium 
and the Sertoli-cell-only syndrome.92 Also studying DCBP plant workers, Egnatz et al. found 
duration of DBCP exposure to be inversely related to sperm count and testicular volume.93 
An infertility incidence as high as 20-25%, mainly due to azoospermia, was observed in male 
banana plantation workers in Costa Rica, where most Oligozoospermie men also presented 
with reduced sperm motility and sperm immaturity.94 
Several follow-up studies were performed on DBCP as well. Eaton et al. reported 
permanent destruction of the germinal epithelium in DBCP-sterile men, as only 2 out of 8 
initially azoospermic workers produced spermatozoa after 5-8 years of non-exposure and 
none of the Oligozoospermie workers progressed to better sperm production.35 Olsen et al. 
determined spermatogenic recovery after a maximal exposure duration of 18 months. Of 
26 azoospermic men, 73% showed signs of recovery of spermatogenesis after 11 years of 
non-exposure, of which two thirds achieved normospermia. Normospermia was also 
observed in all of the previously Oligozoospermie men.95 Correspondingly, Lantz et al. 
concluded that early elimination of DBCP exposure permits recovery of spermatogenesis in 
a period of 18 to 21 months,96 whereas Potashnik et al. reported that sperm count recovery 
was apparent within 36 months to 45 months of non-exposure.97 Thereafter, no further 
improvements in sperm count were observed. 
Another pesticide with clearly demonstrated male reproductive toxicity is the fumigant 
ethylene dibromide (EDB). As early as 1987, Ratcliffe et al. and Schrader et al. observed 
decreases in sperm count and in the proportions of viable and motile spermatozoa, and 
increases in semen pH and in the proportion of sperm with specific morphological 
abnormalities among 46 men working in the papaya fumigation industry in Hawaii compared 
to 43 unexposed men from a nearby sugar refinery. Moreover, sperm viability and motility 
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were poorer among men wi th longer EDB exposure. 9 8 " Schrader et al also conducted a 
longitudinal study on the effects of EDB on semen quality, in which a reduction in sperm 
motil ity and semen volume was seen in all 10 exposed men and in 2 out of 6 unexposed 
men. 
The third pesticide known t o cause alterations in semen quality is the chlorinated 
hydrocarbon insecticide chlordecone (Kepone) In a study conducted in 1974, Cannon et al 
characterized an outbreak of a new illness in 57% of 133 individuals working m a Kepone-
producmg chemical plant wi th virtually uncontrolled exposure t o high doses of 
chlordecone.1 0 1 Semen samples revealed oligozoospermia with predominating abnormal and 
non-motile spermatozoa. Four years later, Guzehan et al reported that treating patients 
wi th cholestyramine, which binds t o chlordecone, recovers the number of motile sperm, 
indicating that the effects can be reversed upon removal of the pesticide f rom the body l 0 2 
Other, less investigated, pesticides thought to interfere wi th human spermatogenesis are 
carbaryl, the organophosphate pesticides methylparathion, ethylparathion, and 
methamidophos, 2,4-dichlorophenoxyacitic acid (2,4-D), and the thiocarbamate molmate.1 0 3 
Human studies on the effects of carbaryl on spermatogenesis yielded conflicting results. 
W h o r t o n et al. examined 47 workers employed for a minimum of one year in a carbaryl 
production plant and found no adverse effects of exposure on any semen parameter.1 0 4 
However, Wyrobek et al. reported increased proportions of abnormally shaped sperm m 
exposed versus unexposed workers (52.0% vs. 41 9%) in the same cohort. 1 0 5 Padungtod et 
al investigated the effects of the three organophosphate pesticides on spermatogenesis 
among 32 exposed workers employed at a Chinese pesticide manufacturing plant compared 
wi th 43 non-exposed workers f rom a nearby texti le factory. The largest effect was 
observed on sperm concentration (28.5xl06/mL in exposed and 49.4xlO'/mL m unexposed 
men) and sperm count, percentage of motile spermatozoa, and percentage of sperm with 
normal morphology were modestly lower among exposed workers. 1 0 ' The adverse effects 
of the herbicide 2,4-D, were evaluated by Lerda and RIZZI.1 0 7 Asthenospermia, 
necrospermia, and teratospermia were all more frequent in exposed farm sprayers 
compared t o unexposed controls, while motility was affected as well. Interestingly, 
asthenospermia and necrospermia disappeared and motil ity increased after a short recovery 
period, but teratospermia pertained. Tomenson et al. investigated the adverse effects of the 
thiocarbamate herbicide molmate among 272 formulation and production workers at three 
USA plants and concluded that sperm parameters w e r e not related to molmate 
exposure.1 0 3 
O t h e r investigators studied occupational groups working wi th mixtures of pesticides, rather 
than focusing on specific pesticides. Abell et α/.108 analyzed semen samples f rom 122 
greenhouse workers wi th exposure t o several pesticides, including primary exposure during 
mixing and spraying and/or secondary (re-entry) exposure during handling of cultures. 
Although no relation was found between semen characteristics and overall exposure 
intensity, workers with the highest estimated re-entry exposure had lower sperm 
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concentrations and proport ions of normal spermatozoa compared to the low-level 
exposure group. Furthermore, inverse associations were observed between the total 
duration of w o r k in greenhouses and sperm concentration, viability, and motil ity. 
Surprisingly, the authors also observed that sperm morphology improved with long-term 
exposure t o pesticides. 
A study conducted by the ASCLEPIOS study group compared semen quality in 85 organic 
farmers wi th a group of 171 traditional farmers before the spraying season.10' The results 
did not indicate differences in sperm concentration and sperm motility, but traditional 
farmers seemed t o have a lower proport ion of normal sperm heads compared t o organic 
farmers (39.5% vs. 42.3%), according t o the W H O scoring system, and a lower proport ion 
of normal spermatozoa (2.5% vs. 3.4%), according t o the strict criteria. They also 
investigated short-term within-person changes in semen quality during the spraying season 
in their population of traditional and organic farmers." 0 During this period, both groups 
showed a comparable decline in sperm concentration, which was attributed t o seasonal 
variability. Remarkably, the spraying farmers had an increase in normal sperm morphology 
over the spraying period, while a decrease was found in the non-spraying farmers. 
Traditional farmers wi th exposure durations exceeding 12 hours had a lower proport ion of 
normal sperm and curvilinear velocity of spermatozoa compared t o farmers exposed for 
less than 12 hours. 
In Japan, Kamijima et al. compared semen samples of 18 male indoor insecticide sprayers 
with 18 non-exposed age-matched students or medical doctors. Sperm counts and vitality 
were comparable between the groups, but detailed sperm motil ity analyses in summer 
revealed that the percentages of slow progressive and nonprogressive motile sperm were 
twice as high in the sprayers, while the percentages of rapid progressive sperm tended t o 
be lower. 1 " A different approach was taken by Swan et al.,"1 w h o addressed the hypothesis 
that the reduced sperm concentration and motil ity observed in fertile men in a USA 
agricultural area could be explained by pesticide use. They compared 50 cases w i t h low 
sperm concentration, low percentage of normal sperm morphology, and low percentage of 
motile sperm t o 36 controls whose semen parameters were within normal limits. Strong 
positive associations were found between case status and high urine levels of alachlor, 2-
isopropoxy-4-methyl-pirimidinol (IMPY), and atrazine. High levels of metolachlor 
metabolites w e r e weakly associated wi th case status as well, while high levels of acetochlor 
were associated wi th control status. Additionally, case status was linked with exposure t o 
multiple pesticides."2 
Other researchers focused on subfertile men visiting ferti l ity clinics t o study associations 
between pesticide exposure and semen characteristics. Using job-specific questionnaires 
and telephone interviews, Tielemans et o/."3 collected data about pesticide exposure f rom 
male partners of infertile couples in the Netherlands. O f the 899 participants, only 12 men 
were exposed t o pesticides and no associations were found wi th reduced semen quality. 
Strohmer et σ/.ΙΜ compared the occupations of spouses wi th proven poor sperm quality of 
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103 females opting for artificial insemination with donor sperm wi th spouses of 103 females 
requiring in v i t ro fertilization (IVF) due to female causes of subfertihty. The case group 
included 11 agricultural workers, compared to I among controls. The authors concluded 
that the conspicuously high prevalence of agricultural workers among cases could be 
explained by increased exposure to chemical sprays. Another study reporting that farmers 
exhibited the lowest sperm counts among patients of an infertil ity clinic, confirms these 
findings."5 In the Litoral Sur region in Argentina, an area wi th intensive agricultural and 
industrial activity, Oliva et al. " 6 investigated a population of 177 men consulting infertility 
clinics because of male infertility, 40 of whom were exposed to pesticides with a median 
exposure t ime of 7 years. In men wi th primary subfertihty, pesticide exposure was 
associated with a sperm concentration of < l milhon/mL, <50% motile sperm, and <30% 
morphologically normal spermatozoa. All associations were stronger in frequently exposed 
men than in occasionally exposed men." 6 A study conducted among 73 males consulting an 
infertility clinic because of male factor subfertihty concluded that pesticide exposure was 
associated with ohgozoospermia, but the number of exposed men was only 12 and the 
control group was not comparable to the cases."7 
Several studies were conducted to evaluate the effects of pesticides on semen quality. For 
three pesticides (DBCP, EDB, and Kepone) major effects were observed on semen 
parameters, which could easily be detected m small size studies because the effects of these 
pesticides were so catastrophic. However, uncovering more subtle effects of other 
pesticides requires different study designs and larger numbers of men, because of the large 
inter- and mtra-mdividual variation in semen quality. Therefore, the absence of evidence for 
these effects could be misleading."8 
Effects of pesticides on time-to-pregnancy 
The effects of most pesticides on semen parameters reviewed in the previous paragraph 
cannot be directly associated wi th ferti l ity or subfertihty in the men involved However, an 
indication of the effect on male fertil ity can be obtained by assessing time-to-pregnancy 
(TTP), which is a measure of couple fecundability and includes both male and female effects. 
Unfortunately, most TTP studies do not include actual measurements of pesticide exposure 
and the results are difficult t o compare because of heterogeneity of exposure and study 
design. 
De Cock et o/.1" explored the association between male exposure t o pesticides and TTP 
among 43 fruit growers m the Netherlands, providing information on 91 pregnancies during 
1987-1990. High exposure to pesticides was found to be associated with a longer TTP, 
especially when the farmers tr ied to conceive during the spraying season from March to 
November. This seasonal effect supports a relation between intensity of pesticide exposure 
and fecundability and suggests that the decrease in fecundability is reversible. However, the 
authors cannot rule out that part of the observed effects may be mediated by exposure to 
pesticides of the wives. A similar study was conducted by Thonneau et al m France and 
Denmark,120 in which exposure was described as usage of pesticides during the calendar 
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year before the birth of the youngest child among 362 French vineyard workers, 449 
Danish conventional farmers, and 121 Danish greenhouse workers, who were primarily 
exposed to fungicides and insecticides. No differences in TTP were found between pesticide 
exposed and non-exposed workers in any of the populations. In Denmark, comparisons 
were also made between I) traditional farmers spraying pesticides (n=450), 2) traditional 
farmers not spraying themselves (n=72), and 3) organic farmers (n=94). Again, the authors 
concluded that there was no overall effect of pesticides on male fecundability.121 
Among 1048 farm occupants in Canada, who had 2,012 planned pregnancies, Curtis et al. 
examined the association between TTP and pesticide use in the 2 months prior to the 
attempt to conceive.122 Overall, the authors found no strong or consistent pattern of 
associations, but among male farm workers engaged in pesticide activities, four pesticides 
were associated with a 12-15% decrease in fecundability (4-(2,4-dichlorophenoxy)butyric 
acid, cyanazine, fungicides, and captan). Furthermore, 3 pesticides were associated with a 
17-20% increase in fecundability (dicamba, glyphosate, and "other pesticides"), possibly due 
to uncontrolled confounding or hormonal actions of these pesticides. In contrast, a study 
on male fertility in 1016 highly exposed cotton field workers in India and 1020 non-exposed 
couples revealed that in the exposed group the number of fertile males was significantly 
reduced compared to the control group.123 Heacock et o/.124 assessed male fertility in 23829 
sawmill workers of 11 large lumber mills in British Columbia exposed to chlorophenate 
fungicides, compared to 2658 non-exposed sawmill workers. No inverse relationship was 
observed between cumulative exposure to chlorophenate fungicides and fertility. With 
increasing cumulative exposure, fertility even seemed to increase, which the authors 
attributed to a type of healthy worker effect. 
In Italy, Petrelli and Figà-Talamanca studied TTP related to the first pregnancy among 127 
male greenhouse workers and 173 non-exposed workers, because greenhouse workers 
experience continuous pesticide exposure throughout the year, in contrast to agricultural 
workers.125 The average number of children was 1.8 for exposed and 1.5 for non-exposed 
workers and the mean TTPs were 5.4 months and 3.9 months, respectively. The TTP for 
greenhouse workers not using protective equipment was slightly longer and workers with 
more than 100 applications per year had an increased risk of conception delay. The last 
study available on the effects of pesticide exposure on TTP is a prospective study 
conducted by Sallmén et o/.,126 in which 210 greenhouse and garden workers were 
compared to 312 men not exposed to pesticides. The results suggested a decrease in 
fecundability in greenhouse and garden workers, especially for exposed greenhouse 
workers who wore inefficient protection. Exposed men who efficiently used personal 
protective equipment were as fertile as unexposed greenhouse workers. Subgroup analyses 
yielded an association between fecundability and exposure to pyrethroids and suggestive 
associations between fecundability and the use of organophosphates and carbamates. 
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Conclusion 
In this review, we described the mechanisms through which pesticides may affect male 
fertility. Pesticides comprise a large number of distinct substances with dissimilar structures 
and diverse toxicity which act through different mechanisms. Therefore, it is most likely 
that several of the above-mentioned mechanisms are involved in the pathophysiological 
pathways explaining the role of pesticide exposure in affecting sperm quality and male 
fertility. A disadvantage of the studies on mechanisms described is that they were mostly 
laboratory animal and cell culture studies. These often provide the first indications of 
potential reproductive effects of a chemical, but it is difficult to extrapolate the effects 
found in laboratory animals to effects that might be expected in men. Therefore, we also 
gave an overview of epidemiological studies investigating exposure to pesticides in relation 
to sperm quality and prolonged time-to-pregnancy. In these studies, clear effects on male 
fertility were demonstrated for some pesticides (e.g. DBCP and ethylene dibromide). 
However, results from more recent studies on the relation between pesticide exposure and 
semen quality are inconsistent. In addition, no uniform conclusion can be drawn about the 
effects of pesticides on time-to-pregnancy. 
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Abstract 
Introduction Fertility problems are an increasing public health issue in industrialized 
countries. Exposure to pesticides, some of which may have endocrine disrupting properties, 
is a potential risk factor for subfertility, which can be measured by time-to-pregnancy (TTP). 
As female greenhouse workers constitute a major occupational group of workers exposed 
to pesticides at childbearing age, a study was performed among female greenhouse workers 
and a non-exposed reference group of female workers to measure the effects of pesticide 
exposure on time-to-pregnancy. 
Subject and Methods Data were collected through postal questionnaires with detailed 
questions on TTP, lifestyle factors (e.g. smoking habits, coffee and alcohol consumption), 
and work tasks (e.g. application of pesticides, re-entry activities, and work hours) of the 
respondents and their partners in the six months prior to conception of the most recent 
pregnancy. The relation between time-to-pregancy and exposure to pesticides was studied 
by means of the Cox's proportional hazards model among 398 female greenhouse workers 
and 524 referents. 
Results The crude fecundability ratio (FR) for female greenhouse workers versus the 
reference group was 1.18 (95% confidence interval (CI ): 1.03 - 1.35), but correction for 
confounding changed the FR to 1. 11 (95% CI: 0.96 - 1.29). Evaluation of specific biases for 
TTP studies showed that these results were biased by the reproductively unhealthy worker 
effect. Restricting the analyses to fulltime workers or first pregnancies only resulted in 
adjusted FRs of 0.89 (95% CI: 0.67 - 1.19) and 0.90 (95% CI: 0.62 - 1.32), respectively. 
Among primigravidous greenhouse workers, an association was observed between 
prolonged time-to-pregnancy and gathering flowers (FR = 0.46; 95% CI: 0.18 - 1.19). 
Conclusion This study may add some evidence to the hypothesis of adverse effects of 
pesticide exposure on time-to-pregnancy, but more research is needed to elucidate these 
effects. 
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Introduction 
Greenhouse and other agricultural workers are exposed to a large variety of pesticides, 
some of which may have endocrine disrupting properties or may affect human reproduction 
through other mechanisms.1'3 Although a large number of animal studies have been 
performed on the reproductive toxicity of pesticides'•3"é and pregnancy outcome was 
evaluated in several human studies,7"15 effects on human fertility have only recently been 
considered.16"26 For many pesticides, no information is available and the majority of 
epidemiologic studies to date pertain to pesticides which are no longer used. Several 
studies investigated male workers only,16,22,23,26 while the results from a study in Finland 
indicated reduced fertility among wives of Finnish greenhouse workers exposed to 
pesticides.24 
In most agricultural settings, men are directly exposed to pesticides through spraying of 
crops. Therefore, health effects are more often investigated among male workers than 
among female agricultural workers. Female greenhouse workers, however, constitute a 
major occupational group of workers who experience pesticide exposure at childbearing 
age. Usually, they are not directly exposed to pesticides, but indirectly through re-entry 
(e.g. while gathering or bunching flowers) or through take-home exposure by their 
husbands. Despite this exposure, few human data are available regarding fertility among 
female greenhouse workers.16·21 Abell et al. did not observe a reduced overall fecundability 
in Danish women working in flower greenhouses, but spraying of pesticides and frequent 
manual contact with plants without using gloves were associated with prolonged time-to-
pregancy.16 In Colombia, prolonged time-to-pregnancy was observed for women working in 
flower production companies, where pesticides are frequently used.21 No consistent 
pattern of associations was seen in a farm family health study in Canada, but some specific 
pesticides were tentatively associated with decreased fecundability.17 In a study among 
clients of an infertility clinic in the USA, it appeared to be three times more likely for 
infertile women than for fertile women to have ever been exposed to pesticides and nine 
times more likely to have ever worked in agriculture.19,25 In a similar study, no correlations 
were found between infertility and self-reported overall pesticide exposure, working in the 
agricultural sector, or living on a farm, but an association was seen when exposure to 
herbicides only was considered.20 
Time-to-pregnancy (TTP) was first reported by Baird et al. as a good measure for the 
estimation of fecundability.2728 It provides an estimate of the per cycle probability of 
conceiving a clinically detectable pregnancy. An increase in time-to-pregnancy can indicate 
reproductive loss at any of several different stages, including gametogenesis, transport of 
gametes in both male and female reproductive tracts, fertilization, migration of zygote to 
uterus, implantation, and early survival of the conceptus. Pesticides may disrupt the female 
hormonal balance and cause any of these effects, which are probably reversible. This means 
that TTP may be prolonged in women exposed to pesticides, indicating reduced fertility but 
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not complete sterility. TTP studies in women exposed to pesticides thus seem suitable to 
detect adverse effects of pesticides on fertility. 
At this moment, there is not enough evidence to confirm or refute the hypothesis that 
female greenhouse workers have a prolonged time-to-pregnancy due to pesticide exposure. 
Therefore, a large retrospective cohort study on time-to-pregnancy was performed among 
female greenhouse workers in the Netherlands, where vast quantities of vegetables and 
flowers are produced. We focussed on flower greenhouses, where large amounts of 
pesticides, such as abamectine, imidacloprid, methiocarb, deltamethrin, and pirimicarb, are 
used and many tasks require intensive contact with plants, which precludes effective 
personal protection by using gloves. 
Subjects and Methods 
Population 
We used two different approaches to obtain the study population. From the database of a 
major trade union, which registers information about a variety of Dutch workers, we 
identified 604 female greenhouse workers and a random sample of 949 female cleaners of 
reproductive age (born in 1956 - 1979) in 2002. In addition, we obtained addresses of 2414 
greenhouse owners through the national database of an agricultural marketing company. 
These owners were born in 1950 - 1979 or their date of birth was unknown. For the 
reference group, addresses of 4691 shopkeepers and market stallholders were obtained 
through the Chamber of Commerce. We only selected companies in which exposure to 
pesticides or other reproductive toxicants was unlikely (e.g. builder's merchants and shops 
for household goods). This reference group of cleaners, retail shopkeepers, and market 
stallholders was chosen because of assumed comparability with greenhouse workers and 
owners with respect to educational level, socioeconomic status, and working conditions, 
such as standing and carrying heavy loads. 
Doto collection 
The 1553 women selected through the trade union database were sent an introductory 
letter, an information leaflet, and a self-administered questionnaire by mail. To the 7105 
addresses obtained through the marketing company and the Chamber of Commerce, a 
mailing was send which contained an introductory letter, an information leaflet, and a self-
administered questionnaire for the owner of the company, plus the same items for the 
partner of the owner if he or she worked in the same company. If not, we asked the owner 
to give the extra questionnaire plus information leaflet to an employee of the opposite sex. 
We also asked the owners for addresses of employees in the company so we could send 
them questionnaires as well. Alternatively, the owners could choose to personally 
distribute questionnaires to their employees. To increase response rates, reminders were 
sent after two and six weeks. To avoid selective non-response and information bias, the 
study was presented to the potential participants as a general study on work, lifestyle, and 
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fertil ity not especially related to pesticides. W e focused on the most recent pregnancy to 
avoid dependency issues of multiple pregnancies, assuming that the most recent pregnancy 
would be remembered best. This led to a mixture of first and subsequent pregnancies in 
the database. 
Response 
Only female owners, female partners of owners, and female employees were included in 
this part of the study. The composition of the original study population and of the final 
participants are given in Figure I. Of the 1773 employees and 7105 company owners invited 
for the study, at least 300 women proved to be ineligible. Completed questionnaires were 
received f rom 924 female greenhouse workers and 1058 women in the reference group. 
Participation rates were 54% and 49% for greenhouse workers and cleaners selected 
through the trade union and 50% and 58% among female greenhouse employees and 
shopworkers for whom addresses were obtained through the owners. Because the 
denominator was unknown, participation rates for the women approached through the 
marketing company strategy could not be calculated. A t the end of data collection, a non-
response study was done. W e randomly selected 150 female greenhouse workers and 150 
female cleaners who did not return the questionnaire and succesfully contacted 81 and 70 
of them by phone. They were asked why they did not respond and whether they had any 
children. When they did, we asked questions about TTP and outcome of the most recent 
pregnancy. Thir ty greenhouse workers and 31 cleaners were willing to answer these 
questions. 
Bnploye«: Trade union 
Greenhouse Reference 
604 949 
Owners or partner! of owner* : 





Employees: Marketing company or 















Never tried to conceive 
Greenhouse Reference 
153 159 
Figure I. Composition of the study population, final participants, and pregnancy history 
among the participants 
* Not eligible = not a member of the trade union anymore, other occupation, or too old. 
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Questionnaire 
The design of the questionnaires was based on the literature and on previous reproductive 
studies performed by our group.29"31 In the questionnaire, women were asked whether they 
had ever been pregnant. If so, detailed questions were presented about work tasks (e.g. 
application of pesticides, re-entry activities, and work hours) and lifestyle habits (e.g. 
smoking, coffee and alcohol consumption) of the respondent and her male partner. To 
approximate the entire TTP period, all questions pertained to a period of six months 
before the start of the most recent pregnancy, assuming that most women did not change 
jobs during this period. In addition, questions were asked about time-to-pregnancy and 
adverse pregnancy outcomes (e.g. spontaneous abortion, preterm delivery, and congenital 
malformations). 
T/me-to-pregnancy 
The primary outcome in this study was time-to-pregnancy, as a measure of fecundability. 
The TTP question was phrased as follows: 'For the most recent pregnancy, how many months 
did it take you to get pregnant (counted from the moment you ond your partner stopped using 
contraceptive methods or started trying to get pregnant)'.i0 Only planned pregnancies, not 
caused by a failure of the birth control method used regardless of pregnancy outcome, 
were included in the analysis. TTP was censured for women with a waiting time longer than 
14 months. 
Exposure assessment 
To account for job changes and administrative errors in the original population files, all 
participants were classified as 'exposed' (greenhouse and other horticulture workers with 
likely exposure to pesticides), 'non-exposed' (cleaners, market stall and retail workers, and 
other workers not exposed to pesticides) or 'not working outside the home', based on 
reported occupation for the six months period prior to the most recent pregnancy or 
pregnancy attempt. Work activities reported in the questionnaire, such as re-entry work 
and specific work with flowers, were also used as indicators for pesticide exposure. 
Potential confounding factors 
Potential confounding or effect modifying factors were recorded for both men and women. 
Smoking habits, alcohol and coffee consumption, use of oral contraceptives during one year 
preceding the most recent pregnancy, primigravidity, and pesticide exposure partner were 
used dichotomously in the analyses (yes or no). Educational level was categorized as low 
(no education, primary, lower vocational, and intermediate vocational education) or high 
(intermediate secondary, higher secondary, higher vocational, or university education) and 
the cut-off point for working hours was 32 hours. Female age at the start of the most 
recent waiting time to pregnancy was divided into three groups (< 25, 25 - 35, or > 35 
years of age), whereas male age was used as a continuous variable in the analyses. 
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Analyses 
The data from the questionnaires were put into an MS Access database and statistical 
analyses were performed using the computer program SPSS 12.0. Associations between 
time-to-pregnancy and exposure to pesticides were studied by means of the Cox's 
proportional hazards model. The resulting fecundability ratio (FR) represents the 
fecundability of the exposed group relative to the non-exposed group. Initially, crude FRs 
with 95 percent confidence intervals (CI) were calculated. Following, multivariable analyses 
were performed with confounder correction and checks for interaction between pesticide 
exposure and all relevant covariables. We used two criteria to select potential confounding 
factors: the distribution of the variable among the exposed and non-exposed groups and 
the relation of the potential confounder with TTP in the non-exposed reference group. The 
complete potential confounder set was then evaluated by reducing the full model with all 
potential confounders to gain precision without loosing validity. Only variables that dit not 
change the FR of pesticide exposure by more than 0.1 upon removal were permanently 
deleted from the model. A Cox's proportional hazards model was also used to explain TTP 
from a number of work variables among female greenhouse workers: function in the 
company (employee or employer); spraying pesticides (yes or no); cultivating flowers (yes 
or no); gathering flowers (yes or no); preparing flowers for sale (yes or no); general 
greenhouse activities without contact with flowers (yes or no); and fulltime work (> 32 
hours; yes or no). A removal probability of > 0.15 was used in this explorative model. 
Biases 
In addition, we investigated the different sources of bias that may occur in studies on time-
to-pregnancy and that were relevant in our study.32,33 
Sterility bias. TTP in its strict meaning relates only to periods of unprotected intercourse 
that end in conception, excluding sterile couples and underrepresenting severely subfertile 
couples.33 If an exposure causes complete sterility rather than just reducing fecundability, 
retrospective TTP studies will not detect an adverse effect. Therefore, unsuccesful 
pregnancy attempts should be taken into account to avoid this bias. 
Planning bias. Couples vary in consistency with which they use birth control. As a result, a 
large proportion of pregnancies are unwanted or 'mistimed'.32 Because these unintended 
pregnancies are excluded from the analysis of TTP, bias can arise when planning varies 
among groups. 
Pregnancy recognition bias. This source of bias stems from differential recognition of 
pregnancy and pregnancy loss.32 Couples that do not recognize an early spontaneous 
abortion will in effect be adding together two (or more) times-to-pregnancy. This reduces 
their apparent fecundability and usually coincides with a reduced rate of recognized fetal 
loss. 
Wantedness bias. This type of bias may arise from differences in how couples respond to 
the question of birth control failure.32 To check for this bias, a confirmatory analysis was 
performed excluding the cycle-one data. 
Reproductively unhealthy worker effect. Women who are reproductively healthy tend to 
reproduce and consequently experience family and societal pressures to leave the 
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workforce or to drop back to partt ime employment." By contrast, women who are unable 
to reproduce successfully are more likely to remain in the workforce. The result is that 
infertile women are more often occupationally exposed. One way to guard against spurious 
effects due to this type of bias is to stratify the analysis on employment status, comparing 
exposed fulltime workers to other fulltime workers and partt ime workers to partt ime 
workers. Another strategy is to limit the analyses to women conceiving their first 
pregnancy. Both strategies were explored in this study. 
Results 
From the 1982 initial participants, 372 women who had never been pregnant were dropped 
(Figure I). All other participants, except 65 women for w h o m the occupation was 
unknown, were placed in one of the three occupational groups. This resulted in 473 
'exposed' greenhouse workers, 679 'non-exposed' referents, and 393 women who were 
not working in the six months period prior to the most recent pregnancy. Table I 
summarizes the w o r k activities for greenhouse workers, further divided into employees 
(28.5%) and owners or partners of owners (71.5%). The main tasks included cultivating, 
gathering, and bunching flowers, but no pesticides were sprayed by these female 
greenhouse workers. Apart f rom re-entry and packing tasks, several non-greenhouse 
activities were reported, such as office w o r k and cleaning, especially by greenhouse owners 
and partners of owners. In general, these women seemed to be less involved in actual 
greenhouse work wi th a potential for pesticide exposure than greenhouse employees and 
the majority of them worked parttime (32 hours per week or less). 
W o r k activities 
Greenhouse 
workers 
(n = 473) • 
Greenhouse 
employees 
( n = 135)^ 
Greenhouse owners 
or partners of owners 
(n = 338)' 
Cultivating flowers 
Gathering flowers 
Preparing flowers for sale 
General greenhouse activities 
without contact with flowers 
Other activities 
(open ended question): 
Administrative / office work 
Canteen / cleaning 
Housekeeping 




























Table I. Different work activities among greenhouse workers, divided in greenhouse 
employees and greenhouse owners or partners of owners 
0 No information on work tasks was available for 21 employees and 43 greenhouse owners or partners of 
owners; information on working hours was missing for 3 employees and 16 greenhouse owners or partners 
of owners 
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The general characteristics of the final study population are shown in Table 2. W o m e n wi th 
unexpected pregnancies (n = 163) or an unknown TTP value for the most recent pregnancy 
(n = 67) were excluded f rom the final analyses. The mean age of the women was 29.4 and 
28.0 years for greenhouse workers and referents, respectively, but the proport ion of 
younger (< 25 years of age) women was much smaller among greenhouse workers. 
Women in the reference group were slightly lower educated and smoked more often than 
greenhouse workers, but a smaller proport ion of referents consumed alcohol and coffee 
and participated in sports. The use of multivitamins or folic acid and oral contraceptives 
Greenhouse workers Reference group 
(exposed to pesticides) (non-exposed) 
Characteristics (n = 398) * (n = S24) ' 
Age women (years) 
Mean (sd) 
Age women (%) 
< 25 Years 
25-J5 Years 
>35 Years 
Educational level women (%) 
Low 
Smoking women (%) 
Yes 
Alcohol consumption women (%) 
Yes 
Coffee consumption women (%) 
Yes 




Use of multivitamins or folic acid (%) 
Yes 




Number of children 
Mean (sd) 
Working hours women (%) 
<32 hours 
Age men (years) 
Mean (sd) 
Smoking men (%) 
Yes 





































50 ( 9.9) 
Table 2. General characteristics of the final study population consisting of women with 
one or more pregnancies and a TTP value for the most recent pregnancy 
0 These numbers were reduced by varying numbers of missing values per variable (maximum 4.8%). 
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was similar between the two groups. Large differences were seen for the proport ions of 
primigravidous women (12.1% among greenhouse workers versus 23.9% among referents) 
and the mean number of children (2.6 and 1.9, respectively). In addition, more greenhouse 
workers had partt ime employment (32 hours per week or less). The male partners of 
greenhouse workers were slightly older than their reference counterparts and smoked less 
often. However, 77% of them were occupationally exposed to pesticides compared t o only 
9.9% among the partners of women in the reference group. 
In the crude analysis, female greenhouse workers seemed to be more fecund than the non-
exposed reference group (FRcrudc = 1.18; 95% CI: 1.03 - 1.35) (Table 3). Correction for age, 
smoking, and multivitamin use of the mother as well as for primigravidity, changed the 
FRad|USKd to M l (95% CI: 0.96 - 1.29). N o other confounding or effect modifying factors 
were identified. The explorative model used to explain TTP f rom a number of w o r k 
variables among female greenhouse workers initially showed that being an employee and/or 
working fulltime (>32 hours per week) were associated wi th prolonged time-to-pregnancy 
(Table 3). However, when primigravidity was included in the model, only working fullt ime 
remained a risk factor for prolonged TTP (FR = 0.78; 95% CI : 0.59 - 1.01), whereas the 
decreased fecundability among employees could be explained by primigravidity (FR = 0.66; 
95% CI: 0.44 - 0.97). Analysing primigravidous women only showed that gathering f lowers 
may involve an increased risk of prolonged TTP (FR = 0.46; 95% CI : 0.18 - 1.19), whereas 
women who primarily prepare flowers for sale seemed te be more fecund than other 
primigravidous greenhouse workers (FR = 2.36; 95% CI: 0.86 - 6.43). 
Population and Crude FR (95% CI) Adjusted FR (95% CI ) 
variables in model 
Total study population (n = 922) 
Greenhouse worker 1.18 (1.03-1.35) I.I I (0.96- 1.29) » 
Greenhouse workers (n = 386) 
Employee 0.81 (0.64-1.02) 0.96 
Working hours (>32 hours) 0.74 (0.57-0.96) 0.78 
Primigravidous greenhouse workers only (n = 42) 
Gathering flowers 0.46 (0.18 - 1. 19) 
Preparing flowers for sale 2.36 (0.86 - 6.43) 
Table 3. Association between pesticide exposure and prolonged time-to-pregnancy for 
greenhouse workers versus referents and associations between work variables and time-
to-pregnancy among greenhouse workers 
0 Adjusted for age mother, smoking mother, multivitamin or folic acid use mother, and primigravidity 
b Adjusted for primigravidity 
(0.73 - 1.26) » 
(0.59- 1.01)» 
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Including cycle one 
Excluding cycle one 
Part-time workers 
(32 hours or less) 
Full time workers 
(more than 32 hours) 
First pregnancy 
Association studied 
No pregnancy achieved 
22 out of 495 (4.4%) 
30 out of 709 (4.2%) 
Unintended pregnancies 
49 out of 473 (10.4%) 
114 out of 679 (16.8%) 
Recognized spontaneous abortion 
17 out of 473 (3.6%) 
41 out of 679 (6.0%) 
FR (95% CI) 
1.18 (1.03- 1.35) 
1.15 (0.99- 1.35) 
Ν FR 
Crude 661 1.28 
Adjusted' 1.18 
Crude 232 0.90 
Adjusted b 0.89 
Crude 173 0.92 



















Table 4. Evaluation of different sources of bias specific for time-to-pregnancy studies in 
our data comparing greenhouse workers with the non-exposed reference group 
" Adjusted for age mother, smoking mother, multivitamin use, and pnmigravidity 
b Adjusted for pnmigravidity 
c Adjusted for smoking mother 
The evaluation of the different sources of bias specific for TTP studies is summarized in 
Table 4. 
Ster/7ity bias N o difference was observed between greenhouse workers and referents 
concerning the number of unsuccesful pregnancy attempts (4.4% and 4.2%, respectively), so 
this type of bias was not present in our data. 
Planning bias Among greenhouse workers, 10.4% of the women reported an unintended 
pregnancy compared t o 16.8% of the women in the reference group. This difference of 
6.4% (95% CI: 6.0 - 6.8) led t o an FR for greenhouse workers versus referents of 1.09 (95% 
CI: 0.96 - 1.23) when w e included women wi th unintended pregnancies in the analysis 
assuming a time-to-pregnancy of one month. Therefore, the crude FR of 1.18 seemed t o be 
moderately biased by pregnancy planning differences. 
Pregnancy recognition bias Greenhouse workers reported 3.6% of recognized spontaneous 
abortions compared t o 6.0% in the reference group. This small difference indicates that 
some greenhouse workers may have overestimated their TTP. 
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Wantedness bias The result of a confirmatory analysis without the cycle-one data (FR = 
1.15; 95% CI: 0.99 - 1.35) was not different from the original analysis including the cycle-
one data, so wantedness bias did not play a role in our study. 
Reproductively unhealthy worker effect Parttime greenhouse workers seem to be more fecund 
than parttime working women in the reference group ( F R ^ ^ = 1.18; 95% CI: 0.99 - 1.41), 
whereas fulltime greenhouse workers seemed to have slightly longer TTPs (FRad|USted = 0.89 
(95% CI: 0.67 - 1.19). When the analysis was restricted to primigravidous women only, the 
FR for greenhouse workers versus referents was similar to the one for fulltime workers 
(FfWted = 0 ·90: 95% CI: 0.62 - 1.32), but the confidence interval was wider due to small 
numbers. These analyses point towards a high degree of bias in our original results due to 
the reproductively unhealthy worker effect. 
Discussion 
Initially, female greenhouse workers appeared to be more fecund than the non-exposed 
reference group in this study. After investigating different sources of bias including the 
reproductively unhealthy worker effect, however, slightly decreased fecundability ratios 
were observed for fulltime and primigravidous greenhouse workers. When we compared 
different work tasks among greenhouse workers only, similar but stronger associations 
were seen between reduced fecundability and fulltime work and primigravidity. This analysis 
also pointed towards an increased risk of prolonged TTP for primigravidous women 
involved in gathering flowers. Before further discussing these results, however, some 
methodological issues need to be addressed. 
The general response rate of our study was low, in particular among market stallholders 
and retail shopkeepers. This may be due to the selection of owners of small companies or 
market stalls who were too busy to fill out the questionnaire. Alternatively, our 
questionnaires could have been labeled as junk mail in large companies. Moreover, the 
company owners were mostly men, who are known to have a low response rate in 
reproductive studies." This may have caused a low response rate among their female 
partners as well. As selection for age was not possible for the reference group, a relatively 
large number of people could also have been too old to see the relevance of a 
questionnaire on reproductive issues. However, since the study was presented as general 
research on work and lifestyle habits, not putting any emphasis on pesticide exposure, 
greenhouse workers with adverse pregnancy outcomes had no other reasons to participate 
than cleaners, market stallholders, or retail shopkeepers with similar problems. This was 
confirmed in our non-response study, in which we found mean TTPs (censored at 14 
months) among the non-participants of 3.5 months (sd = 4.8) for greenhouse workers and 
3.7 months (sd = 4.3) for the reference group. This strongly reduces the chances of 
response bias. These TTPs were lower than the mean TTPs among participants (4.3 months 
(sd = 4.0) and 4.9 months (sd = 4.4), respectively), but similar for greenhouse workers and 
referents. 
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The choice of the reference group, which consisted of women working as professional 
cleaners and in shops and market stalls, is an important point of discussion. We chose this 
reference group for our population of greenhouse workers because of similar educational 
level, socioeconomic status, and working conditions (such as standing and carrying loads) 
apart from pesticide exposure. A literature review did not find any evidence for reduced 
fertility in female professional cleaners35 or in shop workers, and when we removed 
cleaners from the reference group the results of our study remained similar. Besides, 
cleaners participating in this study mainly used standard non-aggressive household 
detergents. Differences may exist, however, between partners of shopkeepers and partners 
of greenhouse owners. The latter often live on the premises and may partly be housewifes 
who help out in the greenhouse when needed. A tendency towards this is seen in Table I, 
which shows that on average greenhouse owners or partners of owners seem to be less 
involved in actual greenhouse work with a potential for pesticide exposure and worked 
shorter hours than greenhouse employees. This may have reduced the contrast in pesticide 
exposure between female greenhouse workers and non-exposed referents. 
In this study, data were collected by means of questionnaires. This implies a probability of 
misclassification on the outcome measure, on exposure, and on confounder variables. Not 
everyone m the study was able to produce an adequate TTP value, but in general TTP data 
are considered valid estimates of the waiting time to pregnancy," 36 leading only to non-
differental misclassification and underestimation of the fecundabihty ratio. Concerning 
exposure, no distinctions could be made in amount and kinds of pesticides used, as many 
different pesticides were reported, some of which may not be reproduction toxic 
Moreover, not all greenhouse workers, and in particular partners of owners, may actually 
have been exposed to relevant concentrations of pesticides. Consequently, the effects of 
pesticide exposure on time-to-pregnancy may have been underestimated. The major 
confounders for the relationship between pesticide exposure and TTP mentioned in the 
literature were recognized and controlled for m our dataset. However, residual 
confounding due to uncontrolled confounders or imperfect measurement of some 
confounders that we did control for, may still play a role in our study. This may especially 
be true for the use of oral contraceptives. Because of an unclear formulation in the 
questionnaire, the women having trouble conceiving did not answer this particular question 
correctly. Of all potential confounders, including pesticide exposure of the male partner, 
only a few proved to be actual confounders in the different Cox's proportional hazards 
models. 
Several types of bias specific for TTP studies3233 were evaluated and we concluded that 
sterility bias and wantedness bias did not play a role in our study. Other types of bias 
mentioned by Wemburg et al. were excluded a prion, as we prevented medical intervention 
bias by censuring TTP at 14 months and did not expect many women m the Netherlands to 
change jobs, work habits, or behaviour during their waiting time to pregnancy, which would 
lead to time trend bias and behaviour modification bias. Questions on work and lifestyle 
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habits pertained to the period of 6 months before the start of the most recent pregnancy, 
but only 18.3% of the greenhouse workers had a TTP longer than 6 months. Half of these 
women conceived within one year and only one woman reported a TTP of more than 5 
years, but all of these women worked in greenhouse jobs for the entire TTP period. The 
mean number of years working in greenhouses was 15.5 years at the time of data 
collection. 
In contrast, we observed a small potential for pregnancy recognition bias, which may have 
biased the FR in the direction of decreased fecundability, and a moderate potential for 
planning bias, which biased the FR in the direction of increased fecundability. The evaluation 
of pregnancy recognition bias, however, may have been hampered by the self-reported 
nature of spontaneous abortion.37 The largest amount of bias in our data seemed to be 
caused by the reproductively unhealthy worker effect due to the fact that we studied the 
most recent pregnancy, which is a mixture of first and higher-order pregnancies. Restricting 
the analyses to fulltime working or primigravidous women only, changed the results from a 
10% increased fecundability (FRad|llsted = I.I) among female greenhouse workers in the 
original analysis of all most recent pregnancies to a 10% decreased fecundability ( F R , ^ ^ = 
0.9) in the 'unbiased' analysis, although small numbers lead to large confidence intervals 
which are compatible with no effects on fecundability. According to Olsen,38 the analysis of 
first pregnancies only is the most valid, as it avoids pregnancy planning issues in which past 
pregnancy experiences are taken into account. Abell et al. found a comparable FR to ours 
for most recent pregnancies among workers in flowers greenhouses versus other union 
workers in Denmark (FR = I.I; 95% CI: 0.9 - 1.4)." They also reported FRs in the same 
range for first pregnancies only (data not given), which is in contrast to our results. A large 
study of first pregnancies in Colombia,21 however, reported a decreased FR for women 
working in flower production companies in the same order of magnitude as ours (FR = 0.9; 
95% CI: 0.8 - 1.0). In our study, pesticides were not sprayed by women and as a result, no 
information on glove use was collected. Abell et al. also performed additional analyses 
among workers in flower greenhouses and found that spraying of pesticides, handling of 
cultures for many hours per week, and not using gloves was related to reduced 
fecundability." However, among primigravidous women an association with prolonged 
time-to-pregnancy was observed for gathering flowers, which usually is a daily task involving 
intensive contact with plants whether or not they have recently been treated with 
pesticides. 
In conclusion, this study may add some evidence to the hypothesis of adverse effects of 
pesticide exposure on time-to-pregnancy, but more research is needed to elucidate these 
effects and provide insight in the work tasks that may expose female greenhouse workers 
to pesticides. 
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Abstract 
Introduction Fertility problems are an increasing public health issue in industrialized 
countries. Exposure to exogenous agents with endocrine disrupting properties, such as 
some pesticides, are potential risk factors for subfertility. The aim of this study was to 
determine whether time-to-pregnancy (TTP) is prolonged in male greenhouse workers 
exposed to pesticides in comparison with a non-exposed reference group. 
Subjects and Methods Data were collected through self-administrated questionnaires 
with detailed questions on TTP, as well as on lifestyle (e.g. smoking habits, coffee and 
alcohol consumption), work tasks, and occupational exposures of the men and their 
partners in the 6 months before conception of the most recent pregnancy. TTP was 
compared between male horticulture (n = 694) and floriculture workers (n = 541) and a 
non-exposed reference group (n = 613) by means of the Cox's proportional hazards model. 
Results The crude analyses did not show a decreased overall fecundability among 
horticulture workers compared to the non-exposed reference group. However, when 
fecundability was assessed for primigravidous couples, duogravidous couples, and 
multigravidous couples separately, horticulture and floriculture workers were found to be 
less fecund when trying to conceive their first pregnancy (FR = 0.67; 95%CI 0.47 - 0.95), 
which is also the most valid analysis in which pregnancy planning issues were avoided. 
Among couples who already experienced one or more pregnancies, no association was 
seen between pesticide exposure and TTP after adjustment for potential confounders. 
Conclusion A prolonged time-to-pregnancy was observed in pesticide exposed men 
before conception of their first pregnancy. 
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Introduction 
Fertility problems are an increasingly important public health issue in industrialized 
countries. The incidence of subfertility, defined as the inability to conceive within I year, is 
estimated to be I5%.1,2 In approximately half of the cases, there seems to be a male 
problem.' It has also been suggested that health problems affecting the male genital tract, 
such as hypospadias, cryptorchidism, testicular cancer, and a decline in sperm count, have 
increased during the past 50 years.3 The hypothesis was put forward that the widespread 
exposure to environmental endocrine disruptors, such as some pesticides, might be an 
explanation for these adverse effects on male reproduction.3 
Several investigators studied the effects of pesticide exposure in occupational settings on 
time-to-pregnancy (TTP) as a measure of reproductive capability. The Cock et αϊ, who 
studied male fruit growers in the Netherlands, revealed an adverse effect of pesticides when 
these were used solely by the owner or with a low spraying velocity.4 Sallmen et ο/.5 
conducted a prospective study on greenhouse and garden workers and found that exposure 
to pyrethroids was related to decreased fecundability, while a study in Italy observed an 
increase in the risk of conception delay among greenhouse workers with high exposure to 
pesticides.6 On the other hand, some investigators did not observe an association between 
pesticides exposure and fertility. Thonneau et al. found no increased TTP in male vineyard 
and greenhouse workers nor in farmers exposed to pesticides.7 Similar results were found 
by Larsen et al.,8 who investigated TTP among traditional and organic farmers and by Curtis 
et al.,9 who conducted a study on male fertility among farm occupants in Canada. In 
conclusion, the results of these studies differ considerably. Therefore, no uniform 
conclusions can be drawn about the effects of pesticides on male fertility. 
One of the limitations of previously published studies is that the participants, mostly 
farmers, were only exposed to pesticides during the spraying season. In contrast, 
greenhouse workers, who are the subject of this study, are exposed throughout the whole 
year with a period of increased exposure during the summer. Greenhouse workers are 
relatively high exposed because they work in closed environments and in the case of 
floriculture workers, they perform numerous tasks that require fine handwork for which 
gloves cannot be worn. Therefore, the aim of this study was to determine whether TTP is 
prolonged for male greenhouse workers in comparison with a non-exposed reference 
group. 
Subjects and Methods 
Population 
We used two different approaches to obtain the study population. From the database of a 
major trade union, which registers information about a variety of Dutch workers, we 
identified all 1536 male greenhouse workers and a random sample of 2350 male cleaners of 
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reproductive age (born in 1956 - 1979) in 2002. In addition, we obtained addresses of 2414 
greenhouse owners through the national database of an agricultural marketing company. 
These owners were born in 1950 -1979 or their date of bir th was unknown. For the 
reference group, addresses of 4691 shopkeepers and market stallholders were obtained 
through the Chamber of Commerce. W e only selected companies in which exposure to 
pesticides or other reproductive toxicants was unlikely (e.g. builder's merchants and shops 
for household goods). This reference group of cleaners, retail shopkeepers, and market 
stallholders was chosen because of assumed comparability w i th greenhouse workers and 
owners wi th respect to educational level, socioeconomic status, and working conditions, 
such as standing and carrying heavy loads. 
Doto collection 
The 3886 men selected through the trade union database were sent an introductory letter, 
an information leaflet, and a self-administered questionnaire by mail. T o the 7105 addresses 
obtained through the marketing company and the Chamber of Commerce, a mailing was 
sent which contained an introductory letter, an information leaflet, and a self-administered 
questionnaire for the owner of the company, plus the same items for the partner of the 
owner if he or she worked in the same company. If not, we asked the owner to give the 
extra questionnaire plus information leaflet to an employee of the opposite sex. W e also 
asked the owners for addresses of employees in the company so we could send them 
questionnaires as well. Alternatively, the owners could choose to personally distribute 
questionnaires to their employees. Only male owners and employees were included in this 
part of the study. T o increase response rates, reminders were sent after two and six weeks. 
To avoid selective non-response and information bias, the study was presented to the 
potential participants as a general study on work, lifestyle, and ferti l i ty not especially related 
to pesticides. W e focused on the most recent pregnancy to avoid dependency issues of 
multiple pregnancies, assuming that the most recent pregnancy would be remembered best. 
This led to a mixture of first and subsequent pregnancies in the database. 
Questionnaire 
The design of the questionnaire was based on the literature and on previous reproductive 
studies performed by our research group.10"12 In the questionnaire, men were asked 
whether their wife or female partner had ever been pregnant. If so, they were asked 
detailed questions about wo rk (pesticide application, re-entry activities, and personal 
protective equipment), lifestyle factors (e.g. smoking habits, coffee, and alcohol 
consumption), and their partner. All questions related to a period of six months before the 
start of the most recent pregnancy to approximate the entire TTP-period, assuming that 
most men did not change jobs during this period. In addition, questions were asked about 
time-to-pregnancy and adverse pregnancy outcomes (e.g. spontaneous abortion, preterm 
delivery, and congenital malformations). 
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Non-response 
Non-response was investigated at the end of data collection. We randomly selected 150 
greenhouse workers and 150 cleaners from the trade union, 200 greenhouse owners from 
the marketing company, and 200 shopkeepers from the Chamber of Commence who did 
not return the questionnaire. These non-participants were called and asked for the reason 
why they did not responded and whether they had any children. When they did, we tried to 
ask questions about TTP and outcome of the most recent pregnancy. 
T/me-to-pregnoncy 
The primary outcome in this study was time-to-pregnancy (TTP), as a measure of 
fecundability. The question concerning TTP was phrased as follows: 'For the most recent 
pregnancy, how many months did it take you and your partner to get pregnant? (counted from the 
moment you and your partner stopped using contraceptive methods or started trying to get 
pregnant)'.'2 Only planned pregnancies, not caused by a failure of the birth control method 
used and regardless of pregnancy outcome, were included in the analysis. TTP was censured 
for couples with a waiting time longer than 14 months. 
Exposure 
To account for job changes and administrative errors in the original population files, all 
participants were classified as 'exposed' (greenhouse and other horticulture workers with 
likely exposure to pesticides), 'non-exposed' (cleaners, market stall and retail workers, and 
other workers not exposed to pesticides), or not working outside the home, based on 
reported occupation for the six months period prior to the most recent pregnancy or 
pregnancy attempt. The exposed group was further divided in floriculture workers and 
horticulture workers. Work activities reported in the questionnaire, such as pesticide 
spraying and specific work with flowers, were also used as indicators for pesticide 
exposure. 
Potential confounding factors 
Potential confounding or effect modifying factors were recorded for both men and women. 
Smoking habits, alcohol and coffee consumption, and the use of oral contraceptives during 
one year preceding the most recent pregnancy were used dichotomously in the analyses 
(yes or no). Educational level was categorized as low (no education, primary school only, 
lower vocational education, or lower general secondary education) or high (intermediate 
vocational education, higher general secondary education, pre-university education, higher 
vocational education, or university) and the work status for women as working or not-
working. Gravidity, divided into first (primi), second (duo), and third or subsequent 
pregnancies (multi), was considered as a potential confounder or effect modifier as well. 
Both male and female age were used as continuous variables in the analyses. 
Analyses 
The data from the questionnaires were put into a MS Access database and statistical 
analyses were performed using the statistical package SPSS 12.0. Associations between TTP 
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and exposure to pesticides were studied by means of the Cox's proportional hazards 
model. The resulting fecundability ratio (FR) represents the fecundability of the exposed 
group relative to the non-exposed group. Initially, crude FRs with 95 percent confidence 
intervals (CI) were calculated. Following, multivariable analyses were performed with 
confounder correction and checks for interaction between pesticide exposure and all 
relevant covariables. We used two criteria to select potential confounding factors: the 
distribution of the variable among the exposed and non-exposed groups and the relation of 
the potential confounder with TTP in the non-exposed reference group. The complete 
potential confounder set was then evaluated by reducing the full model with all potential 
confounders to gain precision without loosing validity. Only variables that did not change 
the FR of pesticide exposure by more than 0.1 upon removal were permanently deleted 
from the model. 
Exposure model 
Among the floriculture workers, an explorative Cox proportional hazards model was used 
to explain TTP from a number of work variables, which were asked in the questionnaire. 
These variables were defined as: function in the company (employee or employer); number 
of working hours (continuous); type of pesticides used: fumigants, fungicides, herbicides, and 
insecticides (yes or no); spraying pesticides (yes or no); kind of work activities: cultivating 
flowers, cutting flowers, preparing flowers for sale, and general activities without touching 
flowers (yes or no); type of flowers: alstroemeria, amaryllis, anthurium, carnation, 
chrysanthemum, freesia, gerbera, iris, lily, orchid, rose, tulip, summer flowers, plants, and 
other flowers (yes or no). An entry probability of < 0.15 and a removal probability of 
> 0.20 were used in this forward stepwise model. 
Results 
The composition of the study population and the pregnancy history of the final participants 
are given in Figure I. Of the 4127 employees and 7105 company owners invited for the 
study, at least 837 men proved to be ineligible because they were not a member of the 
trade union anymore, had another occupation, or were too old. Completed questionnaires 
were received from 1222 male greenhouse workers and 1235 men in the reference group. 
Out of these 2457 participants, 619 men whose partner had never tried to become 
pregnant were dropped. All other participants were categorized in the three exposure 
groups based on their occupation held in the six months period prior to the most recent 
pregnancy (Table I ). The horticulture group consisted of 875 workers: 851 men whose wife 
or girlfriend had been pregnant at least once and 24 men who did not conceive. The 
floriculture workers (n = 664) constituted a subgroup of horticulture workers who worked 
in flower greenhouses. The referent group was approximately the same size as the exposed 
group (n = 867), but included twice as many men who did not succeed in conceiving. A 
total of 96 men were excluded because they did not work outside the home. 
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Horticulture 
workers 
(n = 875) 
Floriculture 
workers 
(n = 664) 
Reference 
group 
(n = 867) 
One or more pregnancies 851 





Table I. Number of participants in the analyses of time-to-pregnancy by job held in the 
six months before the most recent pregnancy 
Bnployees: Trade union 
Greenhouse Reference 
1536 2350 
Owners or partners of owners: 







Employees: Marketing company or 















Never tried to conceive 
Greenhouse Reference 
292 327 
Figure I. Composition of the study population, final participants, and pregnancy history 
among the participants 
* Not eligible = not a member of the trade union anymore, other occupation, or too old. 
Table 2 shows the general characteristics of the different groups for couples with one or 
more pregnancies who filled in the question about TTP of the most recent pregnancy. 
Couples who did not get pregnant (n = 72) o r had an unexpected pregnancy (n = 198) and 
couples with a missing value on TTP (n = 165) were excluded. There were only minimal 
differences between the horticulture and floriculture workers, because the f loriculture 
workers comprised a major part of the hort iculture group. Men and their wife's in the 
reference group were slightly younger then those in the exposed population, a larger 
number of them smoked, and fewer consumed alcohol. Furthermore, the wife's in the 
referent group were lower educated and more often worked outside the home compared 
to the wife's of the hort iculture and floriculture workers. Twice as many pregnancies in the 
reference group were first pregnancies (22%) compared to these in the exposed groups 
(10% and 9%), whereas the number of miscarriages was slightly lower in the reference 
group. O f all couples who had children, those in the exposed groups on average had more 
children than those in the reference group (2.5 versus 2.0). 
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Characteristic a 
Age men (years) 
Mean (sd) 
Age women (years) 
Mean (sd) 
Educational level men (%) 
Low 
Educational level women (%) 
Low 
Smoking men (%) 
Yes 
Smoking women (%) 
Yes 
Alcohol consumption men (%) 
Yes 
Alcohol consumption women (%) 
yes 
Coffee consumption men (%) 
yes 
Coffee consumption women (%) 
yes 
Work status women (%) 
yes 




Miscarriage (one or more) (%) 
yes 
Number of children 
M eon (sd) 
Horticulture 
group 
(n = 694) 
32 9(3 9) 

















32 5 (3 8) 













2 54(1 0) 
Reference 
group 
(n = 6l3) 
310(4 9) 














Table 2. Characteristics of the study population with one or more pregnancies and a 
TTP value for the most recent pregnancy 
0 Missing values a maximum of 4 8% per variable 
The crude fecundability ratio (FR), comparing horticulture workers to the reference group, 
was I 10 (95% CI 0 99 - I 24) (Table 3, model I) The FR for the subset of floriculture 
workers was identical The potential confounding factors in our data were age, educational 
level, and work status of the women, as well as smoking and coffee and alcohol 
consumption of the men The female lifestyle factors were also different between exposed 
and non-exposed, but because of strong correlations between men and women for these 
factors, only the male lifestyle factors were included in the analyses Possible interaction 
was also investigated for smoking and coffee and alcohol consumption of the men, but clear 
interaction effects were only found for gravidity (p = 0 02) Stratified models for primi-, 
duo- and multigravidity are shown in Table 3 The fecundability for couples with a first 
pregnancy was decreased in the horticulture group in comparison with the non-exposed 
reference group (crude FR = 0 74 (95% CI 0 54 - I 01), model 2a) For couples who already 
had one (duogravidity) or more (multigravidity) children at the beginning of their most 
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recent pregnancy, hort iculture workers seemed to be slightly more fecund than reference 
workers, which is reflected by crude FRs of 1.08 (95% CI 0.90 - 1.29) (model 2b) and 1.28 
(95% CI 1.07 - 1.55) (model 2c), respectively. Correct ion for confounding decreased these 
FRs to 0.67 (95% CI 0.47 - 0.95) for primigravidous couples (model 3a), 1.04 (95% CI 0.86 
- 1.26) for duogravidous couples (model 3b), and 1.12 (95% CI 0.92 - 1.37) for multigra-
vidous couples (model 3c). The results for f loriculture workers only were similar (Table 3). 
In addition, an explorative analysis was done among floriculture workers to explain t ime-to-
pregnancy f rom a number of work variables. Ou t of the 26 work variables, only function in 
the company (employee or employer), number of w o r k hours, cultivating alstroemerias, and 
cultivating amaryllises remained in the model (Table 4). Because the proport ion of 
primigravidous couples was different between employees (22%) and employers (5%), 
however, we also entered gravidity in the model. Af ter adjustment for primigravidity, only 
cultivating alstroemerias (FR = 0.72; 95% CI 0.49 - 1.06) and cultivating amaryllises (FR = 
0.42; 95% CI 0.16 - 1.13) appeared to be associated with prolonged TTP in the final 
explorative model. 
































































(0.45 - 0.99) 
(0.88- 1.35) 
(0.90- 1.37) 
Table 3. Crude, stratified, and adjusted fecundability ratios for horticulture and 
floriculture workers compared to referent workers 
0 Adjusted for educot/ono/ level women, smoking men, alcohol consumption men, coffee consumption men, 
and work status women. 
6 Adjusted for age women, educational level women, smoking men, alcohol consumption men, coffee 
consumption men, and work status women. 
c Adjusted for educational level women, alcohol consumption men, coffee consumption men, and work status 
women. 
FR 95% CI FR 95% CI 
Model (n = 491 ) Crude Adjusted for gravidity 
Function (employee) 0.72 0.57 - 0.93 - * 
Work hours (per hour) 0.99 0.99 - 1.00 - * 
Alstroemeria 0.70 0.48 - 1.04 0.72 0.49 - 1.06 
Amaryllis 0.39 0.14 - 1.04 0.42 0.16 - 1. 13 
Table 4. W o r k variables that explained time-to-pregnancy among floriculture 
greenhouse workers 
° Variable dropped from the explorative model after adjustment for gravidity 
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Discussion 
The crude analyses did not show a decreased overall fertility among horticulture workers, 
assumed to be exposed to pesticides, compared to the non-exposed reference group. 
However, when fecundabihty was assessed for pnmigravidous couples, duogravidous 
couples, and multigravidous couples separately, horticulture and floriculture workers were 
found to be less fecund when trying to conceive their first pregnancy. Among couples who 
already experienced one or more pregnancies, no association was seen between pesticide 
exposure and TTP after adjustment for potential confounders. Before further evaluating 
these findings, however, the potential limitations of the study should be considered. 
Possibilities for selection bias were present in several phases of the study The response 
rate in general was low, but m particular among market stallholders and retail shopkeepers. 
This may be due to the selection of owners of small companies who were too busy to fill 
out the questionnaire. Alternatively, our questionnaires could have been labeled as junk 
mail in large companies. Moreover, the company owners were mostly men, who are known 
to have low response rates in reproductive studies.13 As selection for age was not possible 
for the reference group, a relatively large number of people could also have been too old to 
see the relevance of a questionnaire on reproductive issues. However, since the study was 
presented as general research on work and lifestyle habits, not putting any emphasis on 
pesticide exposure, greenhouse workers with adverse pregnancy outcomes had no other 
reasons to participate than cleaners, market stallholders, or retail shopkeepers with similar 
problems. This strongly reduces the chances of selection bias 
Because the response rate was low, a non-response study was done. We successfully 
contacted 243 male greenhouse workers and 200 male cleaners and shopkeepers. From 
these, 128 greenhouse workers and 79 cleaners and shopkeepers were willing to answer 
questions about the most recent pregnancy by telephone. The median TTP among both 
non-responder groups was 2.0 months, whereas the median TTPs in all participant groups 
were 3.0. This means that slightly more men with a long TTP participated in our study, but 
this is seen in greenhouse workers as well as in the reference group. All in all, we have no 
reason to believe that non-response biased our results to a large extent. 
Couples who did not conceive were excluded from the analyses. The percentage of couples 
that tried to have children but did not yet succeed was higher in the reference group (3.9 
%) compared to the horticulture group (2.2 %). Therefore, exclusion of these couples could 
be a source of selection bias. However, the crude FR for pesticide exposure including 
couples that did not yet conceive was not different from the FR m the original analysis (FR 
= 1.13 (95% CI 1.01 - 1.26) versus FR = 1.10 (95% CI 0 99 - 1.24)). This is m agreement 
with the hypothesis that pesticides would reduce fertility, but not cause complete sterility. 
In this study, data were collected by means of questionnaires. This implies a probability of 
misclassification on the outcome measure, on exposure, and on confounder variables. Not 
everyone m the study was able to produce an adequate TTP value, but in general TTP data 
are considered valid estimates of the waiting time to pregnancy.1415 Therefore, any 
misclassification on the outcome measure could be considered non-differential leading to 
underestimation of the fecundabihty ratio. Concerning exposure, no distinctions could be 
made m amounts and kinds of pesticides used as many different pesticides were reported, 
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some of which may not be reproduction toxic. Moreover, not all greenhouse workers may 
actually have been exposed to relevant concentrations of pesticides. Consequently, the 
effects of pesticide exposure on TTP may have been underestimated. The major 
confounders for the relationship between pesticide exposure and TTP mentioned in the 
literature were recognized and control led for in our dataset. However, residual 
confounding due to uncontrolled confounders and imperfect measurement of some 
confounders that we did control for, may still play a role, as well as the fact that we did not 
correct for general health. Greenhouse workers in the Netherlands appear to have better 
general health, reflected in a better life expectancy in the regions wi th high greenhouse 
activity," which may also result in a higher reproductive capacity. If this were the case, the 
effects of pesticide exposure are underestimated, because the normal value of fecundability 
among greenhouse workers compared to the less healthy referent population would be 
above one. 
The overall results found in this study are not in accordance wi th the hypothesis, which 
suggests that pesticide exposure would reduce fertil ity, as we observed a prolonged TTP in 
primigravidous couples only. However, the study of Sallmen et al.5 showed the same results. 
Male exposure to pesticides was associated with decreased fecundability among 
primiparous families (FR = 0.3; 95% CI 0.1 - 1.0 and FR = 0.4; 95% CI 0.2 - 0.8) for high and 
low exposure, respectively), but the FRs for male exposure to pesticides among parous 
families were leaning towards improved fecundability. This phenomenon was described by 
Olsen, who stated that the main problem in non-experimental research of reproductive 
failure is that most pregnancies are planned and that past pregnancy experience is used in 
planning.17 Adjusting for parity need not lead to comparable groups in terms of similar a 
priori risks of reproductive failure. A better variable could be pregnancy history, which goes 
further than just adjustment for parity and pregnancy order, as it will also take into account 
the desire fo r a given family size and the results of previous pregnancies. In our study, the 
average number of children was higher among exposed males than among the reference 
group, but we did not collect any other data on pregnancy history. All this favors the 
analysis based on first pregnancies only. Some other studies also based their analyses or a 
sub-analysis on the first pregnancy among pesticide exposed male workers and reported an 
association between pesticide exposure and prolonged TTP among primigravidous 
couples,6,7 which is in concordance wi th the findings in this study. 
In the first explorative exposure model we observed that employers had a shorter TTP 
than greenhouse employees. However, primigravidity explained this difference in fecun-
dability between employers and employees. After adjusting for gravidity, only cultivating 
amaryllises and/or cultivating alstroemerias were maintained in the final model, pointing 
towards longer TTPs for men who cultivate amaryllises and/or alstroemerias compared to 
men who cultivate other kinds of flowers, despite the small number of men involved. This 
may be due to the use of large amounts of granules wi th a high dose of active components 
against snails and large amounts of fungicides in these cultures at the same time. 
In conclusion, we could not demonstrate an overall effect of pesticides on t ime-to-
pregnancy among male greenhouse workers. However, prolonged TTPs were observed for 
pesticide exposed men who were trying to conceive their first pregnancy, which is the most 
valid analysis in which pregnancy planning issues are avoided. Indications were also found 
for reduced ferti l i ty associated with cultivating flowers which require the use of high doses 
of specific pesticides. 
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A b s t r a c t 
I n t r o d u c t i o n Pesticides are widely used in agriculture and are mentioned as potential 
reproductive toxicants. The aim of this study was t o determine whether pesticide exposure 
in male and female greenhouse workers results in reproductive disorders. 
Subjects and M e t h o d s In 2002, data were collected among 4872 Dutch greenhouse 
workers and 8133 referents through postal questionnaires with detailed questions on 
reproductive disorders of the most recent pregnancy, lifestyle habits, and occupational 
exposures prior t o conception. Associations between reproductive outcome measures and 
exposure t o pesticides among 957 male and 101 female greenhouse workers and 1408 
referents were studied in logistic regression analyses. 
Results The analyses of primigravidous couples showed a slightly elevated risk of 
prolonged TTP (OR^omc„ = 1.9; 95%CI: 0.8 - 4.4) and an increased risk of spontaneous 
abortion among female greenhouse workers (ΟΚ,,ο^η = 4.0; 95%CI: I.I - 14.0). A de­
creased risk of preterm birth was found among exposed men (OR m e n = 0.1 ; 95%CI: 0.03 -
0.5). 
Conclusion This study supports the hypothesis of effects of pesticide exposure on human 
reproduction leading t o prolonged time-to-pregnancy and spontaneous abortion. 
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Introduction 
Human reproduction is a delicate process that can be influenced by many factors. Maternal, 
and to lesser extent, paternal age,1"5 smoking,2,6"13 alcohol and coffee intake,113"17 socio-
economic status,2 genetic factors, and hormonal imbalance18 can all affect a couple's 
reproductive capability. Hormonal balance of sexual hormones in particular is an important 
factor in maintaining fertility and regulating reproductive processes. Exogenous substances, 
such as environmental endocrine disrupters, may disturb the hormonal balance and thereby 
cause reproductive disorders. Relatively high levels of exposure to environmental endocrine 
disruptors in the form of pesticides occur among people working in agriculture." Some 
pesticides are able to influence the synthesis, storage, release, recognition, or binding of 
hormones, which may lead to alterations in reproductive hormone levels.20 Seasonal and 
month-to-month variation in exposure to pesticides may result in a variety of biological 
consequences because of critical time windows prior to pregnancy and in embryonic and 
fetal development. Therefore, the timing of exposure is important.21 
Several studies have been performed on occupational exposure to pesticides and adverse 
effects on human reproduction including endpoints such as prolonged time-to-pregnancy 
(TTP), spontaneous abortion or stillbirth, low birth weight, and developmental disorders. 
An overview showed that the effects of employment in agriculture on TTP are not 
unequivocal, but the majority of studies suggest a relationship between pesticide exposure 
and decreased fertility.22 In the Netherlands, De Cock et al. revealed an adverse effect of 
pesticide exposure on time-to-pregnancy among male fruit growers,23 Sallmen et al.2* found 
that exposure to pyrethroids was related to decreased fecundability among greenhouse and 
garden workers in Finland, and a study in Italy observed an increased risk of conception 
delay among greenhouse workers with high exposure to pesticides.25 The associations 
between occupational pesticide exposure and birth weight, prematurity, and sex-ratio are 
inconsistent, but parental exposure in agriculture could increase the risk of congenital 
malformations in offspring.22 Studies on other reproductive disorders suggest increased 
risks of spontaneous abortion and stillbirths for women occupationally exposed to 
pesticides.26"33 
Although some pesticides that are not being used anymore, such as dibromo-chloropropane 
and ethylene-dibromide, are known to cause male infertility, there is no conclusive evidence 
to support the hypothesis that pesticides used nowadays are related to reproductive 
disorders. Most studies did not yield consistent results, were small, or did not correct for 
confounders. Therefore, a retrospective cohort study was performed in the Netherlands to 
examine the effects of pesticide exposure on reproduction in male and female greenhouse 
workers. We focused our study on flower greenhouses, where large amounts of pesticides, 
such as abamectine, imidacloprid, methiocarb, deltamethrin, and pirimicarb are used. 
However, substantial variation exists between greenhouses in terms of types and amounts 
of active ingredients used. The average amount is 28 kg per hectare (range 0.06 - 249 
kg/hectare) and a large percentage of active ingredients are classified as fungicides (see 
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Chapter 5) The specific aim of this study was to assess which part of the reproductive 
process is predominantly affected by occupational pesticide exposure 
Subjects and Methods 
Population 
We used two different approaches to obtain the study population From the database of a 
major trade union, which registers information about a variety of Dutch workers, we 
identified 1536 male and 604 female greenhouse workers and a random sample of 2350 
male and 949 female cleaners of reproductive age (born in 1956 - 1979) in 2002 As only a 
small percentage of all greenhouses workers are members of a trade union in the 
Netherlands, we also obtained addresses of 2414 greenhouse owners through the national 
database of an agricultural marketing company with coverage of more than 85% These 
owners were born in 1950 -1979 or their date of birth was unknown For the reference 
group, addresses of 4691 shopkeepers and market stallholders were obtained through the 
Chamber of Commerce, which covers all companies in the Netherlands We only selected 
companies m which exposure to pesticides or other reproductive toxicants was unlikely 
(e g builder's merchants and shops for household goods) This reference group of cleaners, 
retail shopkeepers, and market stallholders was chosen because of assumed comparability 
with greenhouse workers and owners with respect to educational level, socioeconomic 
status, and working conditions, such as standing and carrying heavy loads 
Dato collection 
The 3886 men and 1553 women selected through the trade union database were sent an 
introductory letter, an information leaflet and a self-administered questionnaire by mail To 
the 7105 addresses obtained through the marketing company and the Chamber of 
Commerce, a mailing was send which contained an introductory letter, an information 
leaflet and a self-administered questionnaire for the owner of the company, plus the same 
items for the partner of the owner if he or she worked in the same company We also 
asked the owners for addresses of employees in the company so we could send them 
questionnaires as well Alternatively, the owners could choose to personally distribute 
questionnaires to their employees Only a few owners used these options To increase 
response rates, reminders were sent after 2 and 6 weeks To avoid selective non-response 
and information bias, the study was presented to the potential participants in general terms, 
ι e as a study on work, lifestyle, and fertility We focused on the most recent pregnancy to 
avoid dependency issues of multiple pregnancies, assuming that the last pregnancy would be 
remembered best 
Quest/onnoires 
The design of the questionnaires was based on the literature and on previous reproductive 
studies performed by our group34"36 Separate questionnaires were used for men and 
women Women were asked whether they had ever been pregnant and men were asked 
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whether their female partner had ever been pregnant. If so, detailed questions were asked 
about work and lifestyle (e.g. smoking habits, coffee and alcohol consumption) of the 
respondents and their partners. All questions related to a period of six months before the 
start of the most recent pregnancy to approximate the periconceptional period. In addition, 
questions were asked about time-to-pregnancy and adverse pregnancy outcomes. 
Non-response 
Non-response was investigated at the end of data collection. We randomly selected 150 
male and 150 female greenhouse workers and 150 male and 150 female cleaners from the 
trade union, 200 greenhouse owners from the marketing company, and 200 shopkeepers 
from the Chamber of Commence who did not return the questionnaire. These non-
participants were called and asked for the reason why they did not responded and whether 
they had any children. When they did, we tried to ask questions about TTP and outcome of 
the most recent pregnancy. 
Outcome definitions 
We defined time-to-pregnancy (TTP) as the number of months of unprotected intercourse 
leading to pregnancy. In accordance with the clinical definition of subfertility, the cutoff-
point for prolonged time-to-pregnancy was 12 months. Only planned pregnancies, 
regardless of pregnancy outcome, were included in the analyses. Spontaneous abortion was 
defined as natural termination of pregnancy prior to the 20th week of gestation (counted 
from the first day of the last menstrual period). Fetal deaths from 20 weeks of gestation 
onwards were defined as stillbirths. A delivery of a live-born infant of less than 37 weeks of 
gestation was classified as preterm. The cut-point for low birth-weight was 2500 grams. The 
analyses of birth weight were always adjusted for gestational age. Sex-ratio was defined as 
the ratio between male and female live-born infants. Developmental defects reported by the 
parents were divided into structural malformations and functional developmental disorders, 
but because of small numbers these disorders were combined to one category of birth 
defects in the analyses. Genetic defects (e.g. heriditary metabolic disorders) and minor 
defects, such as hypotonia or strabismus, were excluded from the analyses. 
Exposure 
To account for job changes and administrative errors in the original population files, all 
participants were classified as 'exposed' (greenhouse and other horticulture workers with 
likely exposure to pesticides), 'non-exposed' (cleaners, market and retail workers, and 
other workers not exposed to pesticides) or not working outside the home, based on 
reported occupation for the six months period prior to the most recent pregnancy or 
pregnancy attempt. After classification, we selected couples with at least one partner 
working outside the home to form three different exposure groups: exposure to pesticides 
for women only, exposure to pesticides for men (with or without assisting female partners) 
and no exposure to pesticides for either partner (reference group) (Table I ). 
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Exposed women Exposed men Reference group 
( n = l l 7 ) (n = 985) (n=l545)» 
One or more pregnancies 102(87.2%) 959(97.4%) 1474(95.4%) 
Pregnancy attempt 15(12.8%) 26(2.6%) 71(4.6%) 
Table I. Number of couples in the analyses for which occupation is known for both man 
and woman in the last 6 months prior to the most recent pregnancy or pregnancy 
attempt 
" In total, 140 couples were missing because of unknown occupation 
Potential confounding factors 
Potential confounding factors were recorded for both men and women. Smoking habits, 
alcohol and coffee consumption, primiparity, and the use of oral contraceptives in the 12 
months preceding the most recent pregnancy were used dichotomously in the analyses (yes 
or no). Educational level was categorized as low (no education and primary, lower 
vocational, o r intermediate vocational education) or high (intermediate secondary, higher 
secondary, higher vocational, o r university education). Job status for each couple was 
divided into three categories (only the woman worked, only the man worked, and both 
partners worked). Both male and female age were used as continuous variables in the 
analyses. 
Ano/yses 
The data f rom the questionnaires were put into an MS Access database and statistical 
analyses were performed using the statistical package SPSS 12.0. Associations between each 
outcome measure and exposure to pesticides were studied by means of logistic regression 
analyses. Initially, crude Odds Ratios (OR) with 95 percent confidence intervals (95%CI) 
were calculated. Confidence intervals for odds ratios based on small numbers (less than 10) 
were calculated by the mid-p exact method.37 Following, multivariable analyses were 
performed with confounder correct ion and checks for interaction between the exposure 
variable and all relevant covariates listed in Table 2. W e used t w o criteria to evaluate 
potential confounding factors: the distribution of the variable among the exposed and non-
exposed groups and the association of the potential confounder with each outcome 
measure in the non-exposed group. The confounder set was evaluated for each outcome 
measure separately by reducing the full model with all potential confounders t o gain 
precision wi thout loosing validity. Only variables that did not change the OR by more than 
0.05 upon removal were permanently deleted f rom the model. Because in non-experimental 
research of reproductive failure most pregnancies are planned and past pregnancy 
experience is used in planning,38 we performed the analyses separately for all most recent 
pregnancies, irrespective of gravidity, and for primigravidous couples only. In the latter 
analysis of first pregnancies only, the results are not influenced by the reproductively 
unhealthy worker effect bias either.3 ' 
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Results 
The composition of the study population and basic characteristics of the final participants 
are given in Figure I. O f the 13005 employees and company owners invited for the study, at 
least 837 men and 300 women proved to be ineligible. Completed questionnaires were 
received f rom 1222 male and 924 female greenhouse workers and f rom 1235 men and 
1058 women in the reference group, including 752 couples in which both partners filled out 
the study questionnaires. Participation rates varied f rom 19.0% among male referents to 
52.8% among female greenhouse workers. From the 4439 initial participants, 619 men and 
312 women who had never tr ied to get pregnant were dropped. All other participants and 
their partners, except 140 couples for which occupation was unknown for at least one 
partner, were placed in one of the three occupational groups based on occupation of both 
partners in the six months period prior to the most recent pregnancy or pregnancy attempt 
(Table I ). Because many women were female partners of greenhouse owners, the group of 
exposed women only consisted of 102 (87.2%) women who had been pregnant at least 
once and 15(12.8%) women who tried t o get pregnant but did not conceive. The group of 
exposed men (n = 985) was constituted of greenhouse employees (53.6%) and male 
greenhouse owners wi th or without assisting female partners (46.4%). The non-exposed 
participants and their partners formed the reference group (n = 1545). Couples who did 
not get pregnant (n = 112), couples in which neither one of the partners worked in the 
periconceptional period (n = 60), and couples wi th missing values on all outcome measures 
(n = 9) were excluded f rom the analyses. 
W O M I N 
Trade union 
Marketirß company or Chambei 
Com m en e 
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9 · « . 7 0 
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H I - * 
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Figure I. Composition of the study population, response, and pregnancies among the final 
participants 
0 Not eligible = not a member of the trade union anymore, no company anymore, other occupation, or too old 
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Characteristic Exposed women Exposed men Reference group 
(n= 101) (n = 957) (n = 1408) 
Age men (years) 
(meon, se) 
Age women (years) 
(mean, se) 
Educational level men 
Low (%) 






Alcohol use men 
res (%) 
Alcohol use women 
Ves (%) 
Coffee consumption men 
res (%) 
Coffee consumption women 
res (%) 
Maternal vitamin use 
res (%) 




Number of children 
(meon, se) 
Job status 
Only women worked (%) 
Only men worked (%) 




















































Table 2. General characteristics of the final study population consisting of couples with 
one or more pregnancies of which the woman or the man is exposed to pesticides or 
both partners are non-exposed (reference group) 
As a result, the final study population consisted of 101 couples with exposed women, 957 
couples wi th exposed men (with or without assisting female partners), and 1408 non-
exposed referents. Their general characteristics are shown in Table 2. Most of the lifestyle 
factors differed between the three groups with the largest differences for smoking and 
alcohol consumption of men and women and maternal vitamin use. The average number of 
children also varied between the three groups f rom 2.6 for exposed men to 2.0 for the 
reference group and 1.7 for exposed women. Among exposed women, far more 
primigravidea were counted (42.6%) than among couples wi th exposed men (10.5%) and the 
reference group (20.0%). Exposed men were less often part of a couple in which both 
partners worked (27.6%) than exposed women or non-exposed workers (96.0% and 63.7%, 
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respectively). Tables 3 and 4 show the crude and adjusted odd ratios wi th 95 percent 
confidence intervals for each outcome measure. Table 3 presents the results for all most 
recent pregnancies and Table 4 the results for primigravidous couples only. W e will 
concentrate our attention on the results of the primigravidous couples, which are the most 
valid.38 3 ' 
Outcome variable 
Prolonged T T P a 
(> 12 months) OR b 
95% CI 
Spontaneous abortion c 
(< 20 weeks) OR 
95% CI 
Preterm birth d 
(< 37 weeks) OR 
95% CI 
Low birth weight d e 




















































































Table 3. Crude and adjusted odds ratios for reproductive outcomes among exposed 
women, exposed men, and the reference group for the most recent pregnancy 
0 Number of observations in the analysis of TTP: 1097 non-exposed, 85 exposed women, and 796 exposed 
men; 334 pregnancies were unintended and excluded and 154 TTPs were missing. 
b OR, odds ratio; CI, confidence interval 
c Number of observatons in the analysis of spontaneous abortion: 1351 non-exposed, 79 exposed women 
and 899 exposed men; 141 couples were still pregnant at the time of the study. 
d Number of observatons in the analysis of live births: 1253 non-exposed, 65 exposed women, and 858 
exposed men; 153 pregnancies ended in a spontaneous abortion, stillbirth, or other unfavorable outcome 
(e.g. ectopic pregnancy). 
' Adjusted for gestational age. 
f Adjusted for age women, smoking men, and maternal vitamin use. 
s Adjusted for educatonal level men, maternal vitamin use, and job status. 
h No confounders were identified for preterm birth. 
' Adjusted for age women and smoking women. 
ι Adjusted for alcohol consumption women and job status. 
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Table 4. Crude and adjusted odds ratios for reproductive outcomes among exposed 
women, exposed men, and the reference group for primigravidous couples only 
0 Number of observations in t/ie analysis of TTP: 218 non-exposed, 38 exposed women, and 76 exposed 
men; 62 pregnancies were unintended and excluded and 29 TTPs were missing. 
b OR, odds ratio; CI, confidence interval. 
c Number of observations in the analysis of spontaneous abortion: 259 non-exposed, 31 exposed women, 
and 86 exposed men; 47 couples were st/7/ pregnant at the time of the study. 
d Number of observations in the analysis of live births: 235 non-exposed, 24 exposed women and 79 
exposed men; 38 pregnancies ended in a spontaneous abortion, stillbirth, or other unfavorable outcome 
(e.g. ectopic pregnancy). 
e Adjusted for gestational age. 
f Adjusted for age women, smoking men, and maternal vitamin use. 
s Adjusted for age women and maternal vitamin use. 
h No confounders were identified for preterm birth. 
1 Adjusted for age women and smoking women. 
ι Adjusted for alcohol consumption women. 
k Adjusted for age women and educational level men 
Prolonged TTP. Among primigravidous couples, an increased risk of prolonged T T P was 
observed for exposed women in the crude analysis (OR^men = 2.3; 95%CI: 1.0 - 5.1), which 
is still seen, although slightly reduced, after correction for confounding ( Ο Κ , , ^ ^ ad|USted = 1.9; 
95%CI: 0.8 - 4.4). In addition, the ORs for prolonged TTP among men were slightly 
increased. 
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Spontaneous abortion. In the crude analysis among primigravidous couples, an increased risk 
was observed for spontaneous abortion among exposed women (OR,,^^ = 2.9; 95%CI: 0.9 
- 7.6), which is more pronounced after correction for confounding (ORwomen ad|usted = 4.0; 
95%CI: I.I - 14.0). Because of small numbers, we did not analyse stillbirths separately. 
Combining spontaneous abortion and stillbirths did not change the above-mentioned results 
(data not shown). 
Preterm birth. For exposed men, a decreased risk was observed for preterm birth among 
primigravidous couples (ORmen = 0.1 ; 95%CI: 0.0 - 0.5). Among exposed women, no risk of 
preterm birth was seen. There were no confounding factors in our data for preterm birth. 
Low birth weight. The results showed an elevated risk of low birth weight among exposed 
women, but a slightly decreased risk of low birth weight among exposed men. Due to the 
wide confidence intervals which include the null value, however, no firm conclusion can be 
drawn regarding low birth weight. 
Sex ratio. No increased risks of skewed sex ratio distributions were observed among 
exposed women nor among exposed men. 
ß/rth defects. The results did not show increased risks of birth defects for exposed men or 
women among primigravidous couples. 
The results for all most recent pregnancies (Table 3) were comparable to the results for 
primigravidous couples only, except for prolonged TTP which did not show an increased 
risk among exposed women and a decreased risk among exposed men. 
Discussion 
For primigravidous couples only, a slightly elevated risk of prolonged time-to-pregnancy and 
an increased risk of spontaneous abortion were observed among exposed women as well 
as a decreased risk of preterm birth among exposed men. The results for all most recent 
pregnancies were comparable except for TTP. Before further discussing these results, we 
need to address some methodological issues. One important issue is the possibility of 
selection bias in several phases of the study. The general response rate of our study was 
low, in particular among market stallholders and retail shopkeepers. This may be due to the 
selection of owners of small companies or market stalls who were too busy to fill out the 
questionnaire. Alternatively, our questionnaires could have been labeled as junk mail in large 
companies. Moreover, the company owners were mostly men, who are known to have low 
response rates in reproductive studies.40 This may have caused a low response rate among 
their female partners as well. As selection for age was not possible for the reference group, 
a relatively large number of people could also have been too old to see the relevance of a 
questionnaire on reproductive issues. However, since the study was presented as general 
99 
Chapter 3 2 
research on work and lifestyle habits, not putting any emphasis on pesticide exposure, 
greenhouse workers with adverse pregnancy outcomes had no other reasons to participate 
than cleaners, market stallholders, or retail shopkeepers with similar problems. This 
reduces the chances of selection bias. 
Because the response rate was low, a non-response study was done. We successfully 
contacted 243 male and 81 female greenhouse workers and 200 male and 70 female 
cleaners and shopkeepers. From these, 128 male and 30 female greenhouse workers and 79 
male and 31 female cleaners and shopkeepers were willing to answer questions about the 
most recent pregnancy by telephone. The median TTP among both non-responder groups 
was higher than the median TTPs in all participant groups. This means that slightly more 
men and women with a long TTP participated in our study, but this is seen in greenhouse 
workers as well as in the reference group. Because of the low prevalences of the other 
reproductive disorders, we were not able to compare these outcomes measures. 
The choice of the reference group, which consisted of men and women working as 
professional cleaners and in shops and market stalls, is an important point of discussion. We 
chose this reference group for our population of greenhouse workers because of similar 
educational level, socioeconomic status, and working conditions (such as standing and 
carrying loads) apart from pesticide exposure. A literature review did not find any evidence 
for diminished fertility in female professional cleaners41 or shopworkers. The cleaners 
participating in this study mainly used standard non-aggressive household detergents. 
Therefore, selection on outcome measures in the reference population seems unlikely. 
In this study, data were collected by means of questionnaires. This implies a probability of 
misclassification on the outcome measures and on the exposure and confounder variables. 
Most likely, the prevalence of e.g. spontaneous abortions is underreported in our study 
(4%), which could have lead to non-differential misclassification. We have no reasons to 
assume differential misclassification on outcome measures or general population 
characteristics (Table 2) leading to severe information bias. Concerning exposure, no 
distinctions could be made in amounts and kinds of pesticides used, as many different 
pesticides were reported, some of which may not be reproduction toxic. Consequently, the 
effects of pesticide exposure on reproductive disorders may have been underestimated. 
Occupation and exposures were asked for during the 6 months period before pregnancy. In 
this period, pesticides can influence time-to-pregnancy and conception, implantation, and 
early pregnancy, possibly leading to spontaneous abortion, whereas some of the other 
reproductive disorders (e.g. low birth weight and preterm birth) may be susceptible to 
pesticide exposure later in pregnancy. In the Netherlands, however, women normally stay 
at work until four weeks before delivery. 
In our adjusted analysis, we corrected for job status where needed. It is questionable 
whether this was sufficient to control all confounding by job status, because not-working 
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women seem to have fewer reproductive problems than working women (see Chapter 3.1). 
When the analyses were limited to couples in which both partners worked outside the 
home, however, the results were comparable to the analyses of all couples. As we adjusted 
for all other major risk factors as well, residual confounding of the results seems unlikely. 
Despite the fact that the analyses among the primigravidous couples were based on small 
numbers, we have more confidence in these results than in the results of all pregnancies, in 
which past pregnancy experiences may have been used in planning.38 Although the results 
were adjusted for parity in the final analyses, this is insufficient, because it does not take 
into account desired family size and results of previous pregnancies. Pregnancy history, 
which contains this information, was not collected in our study. It should be noted that the 
average number of children among exposed males was higher than in the reference group. 
All this favors the analyses based on first pregnancies only. We realize, however, that the 
power in these analyses is not enough to detect small differences in reproductive disorders 
associated with pesticide exposure. Nevertheless, these analyses showed increased risks of 
prolonged time-to-pregnancy and spontaneous abortion among exposed female greenhouse 
workers. 
Analysing the TTP data with a Cox's proportional hazard model, we found longer times-to-
pregnancy among male and possibly among female greenhouse workers for primiparous 
couples compared to the reference group (see Chapter 3.1). Prolonged TTP indicates 
reproductive loss at any of several different stages, including gametogenesis, transport of 
gametes in both male and female reproductive tracts, fertilization, migration of zygote to 
uterus, implantation, and early survival of the conceptus. Pesticides may disrupt the female 
hormonal balance and cause any of these effects, including spontaneous abortion. In this 
paper, we used a cut-off point for prolonged TTP of 12 months, which is regarded as 
clinical subfertility. Possibly, TTP based on clinical subfertility is not as good as TTP as a 
continuous measure to detect adverse effects on fertility caused by pesticides. 
Nevertheless, the results of both analyses point in the same direction of an increased risk of 
prolonged TTP among greenhouse workers in the analyses among primigravidous couples. 
Abell et al. also analysed first pregnancies only, but did not find a prolonged time-to-
pregnancy among female workers in greenhouses versus other union members.42 Among 
male workers, De Cock et al. revealed an adverse effect of pesticides on time-to-pregnancy 
when these pesticides were used solely by the owner or with a low spraying velocity, but 
they analysed all pregnancies.23 Sallmen et al. however, indicated that the pesticide effects on 
fertility were more severe among primiparous families compared to parous families.24 
Larsen et al. and Thonneau et ai, who investigated time-to-pregnancy of the youngest child, 
found no relation between pesticide exposure among male workers and time-to-
pregnancy.4344 In contrast, a recent overview by Hanke et al. indicates that there is an 
association between decreased fecundability and pesticide exposure.22 Miscarriage was 
studied for all pregnancies by The Ontario Farm Family Health Study, which indicated that 
miscarriage risk was not associated with participation in farm activities involving chemicals 
overall. However, risks were increased when specific pesticides were used.45 
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The results of the analyses on preterm birth surprisingly indicated a decreased risk among 
greenhouse workers, in particular among exposed men compared with the reference 
group. It should be noted, however, that these analyses are based on small numbers and 
that the prevalence of preterm birth in the reference group (20%) is much higher than 
expected (less than I0%),46 whereas the prevalences of preterm birth among the exposed 
groups (8% and 3%) are within the 'normal' range for first pregnancies. We do not have an 
explanation for the high rate of preterm births in the reference group. 
In conclusion, this study supports the hypothesis of adverse effects of pesticide exposure on 
human reproduction leading to prolonged time-to-pregnancy and spontaneous abortion. As 
a hormonal mechanism may be assumed for these reproductive failures, this study also 
points towards endocrine disrupting properties of pesticides used in flower greenhouses. 
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Abstract 
Introduction The aim of this study was to assess exposure to pesticides for a longitudinal 
epidemiological study on adverse reproductive effects among greenhouse workers. 
Subjects and Methods Detailed information on pesticide use among greenhouse workers 
was obtained on a monthly basis through self-administered questionnaires and subsequent 
workplace surveys. Questionnaires were filled in during a whole year. Dermal exposure 
rankings were developed for each task using the observational method DREAM (Dermal 
Exposure Assessment Method). Exposure scores were calculated for each worker for each 
month during the year, taking into account frequency, duration, and exposure intensity for 
each task. 
Results A total number of I 16 different active ingredients were used in the population, 
whereas a mean number of 15 active ingredients were applied per greenhouse. Prevalence 
of specific active ingredients was highly variable from month to month. DREAM 
observations provided insight into the exposure intensity of 12 application techniques and 3 
mixing and loading activities. Relatively high DREAM scores were obtained for scattering, 
fogging, dusting, and mixing and loading of powders. Observations with DREAM indicated 
that application with a horizontal ground-boom, motor driven boom, and bulb shower 
resulted in low dermal exposure. Exposure scores showed substantial variation between 
workers and over the year. 
Conclusion It can be concluded that exposure variation between and within greenhouse 
workers is very large, both in terms of chemical composition and exposure intensity. This 
may be a significant contributor to the inconsistent results of studies evaluating health 
effects of pesticide exposure. 
108 
Exposure assessment study 
Introduction 
Epidemiological investigations are an important method to identify health effects of 
pesticides.' However, research in this area is confronted with a large number of pesticide 
formulations on the market,2 inherently resulting in exposure groups with a heterogeneous 
chemical composition. Thus, attribution of health effects to any single pesticide is difficult, if 
not impossible. The vast amount of different chemicals also potentially complicates recall of 
pesticides,3"5 although some study results suggest that recall may be as good as for many 
other risk factors.' Most exposure assessment methods are qualitative and completely rely 
on expert judgment. However, a new generation of studies based on quantitative exposure 
indices or algorithms is slowly emerging.7"' 
Difficulties with exposure assessment of pesticides may also arise because of irregular use 
of pesticides in general. Exposure assessment requires consideration of the time-window in 
which damage occurs and, as a consequence, fluctuations in patterns of pesticide use over 
time may cause misclassification in epidemiological studies.10" Hertz-Picciotto et o/.10 
convincingly illustrated this problem and showed that exposure assessments with an 
inappropriate temporal resolution may result in substantial attenuation of associations 
between exposure and effect. Taking into account all methodological problems it is no 
surprise that the varying magnitude of exposure misclassification has been suggested as a 
likely contributor to the inconsistent results of studies evaluating health effects of pesticide 
exposure.1213 
This paper describes a semi-quantitative exposure assessment study which was conducted 
as part of a longitudinal study on the relation between pesticide exposure and reproductive 
disorders. Detailed information on pesticide use among greenhouse workers was obtained 
on a monthly basis through self-administered questionnaires and subsequent workplace 
surveys. Dermal exposure rankings were developed using task evaluations performed with 
the observational method DREAM (Dermal Exposure Assessment Method).14"" The dermal 
route is generally the most important route of entry for occupational pesticide 
exposure.17,18 Variations in chemical composition and intensity of exposure between 
greenhouse workers and fluctuations of exposure profiles throughout the year are 
described. In addition, implications of these findings for the planning and interpretation of 
epidemiological studies are discussed. 
Subjects and Methods 
Study population 
All subjects were participants in a large study among flower greenhouses in The 
Netherlands regarding associations between reproductive disorders and pesticide exposure. 
The study was designed to be performed in two phases. The first phase comprised a survey 
on reproductive disorders among a large sample of 41 18 men known to be working in 
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flower greenhouses of whom 1222 men participated. In a subsequent step, a cohort of 238 
men was selected and invited to donate a sperm and/or blood sample in March 2003 and a 
second sample in September 2003. Of the 81 participants in this phase of the study, a total 
of 64 men provided complete information for the current exposure study. In addition, 6 
men who were not eligible for inclusion in the second phase of the epidemiological study 
because of sterilization participated in the exposure study only. Hence, the study population 
comprised 70 men working in 64 flower greenhouses. 
Self-administered questionnaire 
In March 2003, all participants in the exposure study were asked to fill in a questionnaire on 
pesticide use and re-entry work during the past half year (September 2002 - February 
2003). For each month, subjects had to fill in the types of pesticides (trade names) which 
had been applied in the particular greenhouse, the amount, frequency of application, and the 
technique that was used for each application. Subjects had to give an indication of the 
average application duration, separate for each application technique. Moreover, the 
participant had to indicate whether or not he had applied the particular pesticide himself. 
Information was also collected on the number of hours the participant performed re-entry 
work, e.g., harvesting, pruning, and weeding. From March 2003 until August 2003 subjects 
were asked to keep a log on the same items. 
Workplace survey 
All greenhouses were visited and an inventory was made of formulations used in order to 
cross-check the self-administered questionnaires. Greenhouse owners were asked to 
provide a print of the computerized application journals with information on types of 
pesticides used per month. Product labels were checked in case of lack of clarity or when 
inconsistencies occurred in the information provided. The trade names reported in the 
questionnaires and monthly logs were linked to relevant active ingredients using documents 
of the Board for the Authorization of Pesticides published on the internet (/ittp.V/www.ctb-
wogen/ngen.n/). Two hygienists conducted all workplace surveys using a checklist in order to 
collect information in a structured way. This checklist allowed the hygienists to record the 
various methods of pesticide application (e.g., backpack, hand spray, fogger) and use of 
personal protective equipment (PPE) during mixing and loading, application, and re-entry 
work (e.g., chemical resistant rubber gloves, boots). 
In order to obtain insight into the exposure potential of the various tasks conducted by 
greenhouse workers (i.e., mixing and loading, various application techniques, re-entry 
work), a new observational method (DREAM) for structured, semi-quantitative dermal 
exposure assessment was used. Key items of the DREAM exposure evaluations are 
assessment of probability and intensity of three dermal exposure routes as defined by 
Schneider et α/.19: emission, deposition, and transfer. Emission is defined as dermal exposure 
occurring directly from the source of exposure, transfer as exposure due to contact with 
contaminated surfaces, and deposition as exposure through skin contact with small particles 
present in the air compartment. DREAM consists of two parts: a multiple-choice 
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questionnaire (inventory part) on exposure determinants, and an evaluation algorithm. Each 
answer in the questionnaire coincides with a pre-assigned value (i.e., 0, 0.3, 1,3, 10) that is 
subsequently put into the evaluation algorithm, resulting in numerical estimates for 
exposure levels on both the outside clothing layer and the skin. For further details of this 
method and its reliability and accuracy we refer to van Wendel de Joode et o/.14"16 
One hygiënist had considerable experience with respect to the DREAM method in an 
earlier study. The second hygiënist was inexperienced and received a short introduction to 
DREAM and the conceptual model of Schneider et o/." She was further familiarized with the 
method during 5 workplace surveys under supervision of the experienced hygiënist. While 
observing a specific application or re-entry task, the hygienists filled in the multiple choice 
questionnaire of the DREAM method. Workplace visits were performed on a day that 
pesticides would be applied. Unfortunately, it appeared to be very difficult to coordinate the 
visits with the application schedules of the greenhouse owners. Hence, DREAM 
observations could not be performed at each greenhouse. 
Exposure algorithms 
An algorithm was used for estimating monthly exposure through mixing and loading or 
application activities (MLA). Exposure scores for the whole year and for 3 months periods 
are averages of the initial scores per month. The 3 months periods were defined as follows: 
quartile I (September, October, and November), quartile 2 (December, January, and 
February), quartile 3 (March, April, and May), and quartile 4 (June, July, and August). The 
MLA score was calculated from the product of time exposed, exposure intensity expressed 
as task-specific DREAM scores for the outside clothing layer, and a clothing protection 
factor also indicated by the DREAM method. Exposure scores were calculated for each 




where /HC(, and D^ are the hand exposure intensity and duration of 'mixing and loading' or 
'application' activity a and chemical c in a particular month. The clothing protection factor 
for the hands is represented by PHca. This modifying factor is based on the DREAM 
methodology and defines two groups of PRE use, namely no gloves (PHC0 = I ; 0% protection) 
and use of protective gloves (PHC0 = 0.03; 97% protection). In order to calculate potential 
hand exposure the clothing protection factor was assigned the value I. 
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where /ßco and Dco are the body exposure intensity and duration of 'mixing and loading' or 
'application' activity a and chemical c in a particular month. The clothing protection factor 
for body is represented by PBca. Again, this modifying factor is based on the DREAM 
methodology and defines four groups of clothing regime and PPE use, namely standard 
clothes (PHC0 = 0.09; 91 % protection), standard clothes and boots (PHC0 = 0.087; 91.3% 
protection), standard clothes and an extra layer (e.g., rainproof suit, overall) (PHC0 = 0.03; 
97% protection), and standard clothes, an extra layer and boots (PHCC, = 0.027; 97.3% 
protection). In order to calculate potential body exposure the clothing protection factor 
was assigned the value I. 
The summation of both scores represents the overall dermal exposure score during a 
particular month: 
MLA = 0.47 · MLAhand + 8.54 · MLAhoih (3) 
The factors 0.47 and 8.54 in equation 3 are used to take into account the surface area of 
the hands and the remainder of the body, respectively.'4 Potential and actual MLA scores 
are calculated. 
A proxy for re-entry exposure per month was calculated using the amount of active 
ingredient applied (kg) per area (hectare) of the greenhouse and multiplied by an indicator 
reflecting the number of hours a worker was active in the cultures (0 hours (0); I - 50 
hours (I); 51 - 100 hours (2); 101 - 150 hours (3); > 151 hours (4)). Exposure scores for 
the whole year and for the 3 months periods are weighted averages of the initial proxies 
per month. 
Stot/stico/ analysis 
To express the level of variability across the year for various pesticide groups and individual 
chemicals in this study, a measure of variability as introduced by Hertz-Picciotto et α/.10 was 
used: the ratio of overall exposure prevalence to time-window-specific exposure prevalence 
(overall : time window (OTW) ratio). The quartile specific exposure prevalence was 
defined as the percentage of greenhouses that applied the particular chemical in that 
quartile. The overall prevalence was defined as the percentage of greenhouses that applied 
the particular chemical at least during one period of the year. The higher the OTW ratio, 
the greater the potential for misclassification when using exposure prevalence during wide 
time intervals for a chemical that exerts its effect in a more narrow time window. 
Statistical analyses were performed with SAS System Software W8.2m. The median and 
range of the amounts of active ingredients were calculated for different pesticide groups. 
Then number of active ingredients used in the total population as well as the average 
number of active ingredients in different greenhouses were calculated as an indicator of 
chemical heterogeneity. Task-specific geometric mean DREAM scores were estimated by 
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the mixed model procedure of SAS (PROC MIXED). Spearman correlation coefficients 
were used to assess the degree of association among MLA scores and re-entry scores. 
Exposure variation between workers and over the year was investigated graphically by 
plotting whole year and quartile scores for each worker. A nested one-way random effects 
analyses of variance (ANOVA) model was used to evaluate the contribution of between-
worker and within-worker factors to the total variance of the potential MLA score, the 
actual MLA score, and the re-entry score. 
Results 
Descriptive statistics of the study population are shown in Table I. The results indicate that 
53% of the population performed all applications themselves, whereas 30% performed part 
of the applications in a particular greenhouse and another 17% was not involved in pesticide 
applications at all. Approximately 80% of the population were owners of a greenhouse. The 
median number of application techniques used in a greenhouse was 3 (range I to 6) and the 
median number of cultures was equal to 2 per greenhouse (range I to 7). Approximately 
33% of the greenhouses covered an area of less than I hectare, 44 % covered an area 
between I and 2 hectare, and 23% was larger than 2 hectare. 
Table 2 illustrates that substantial variation exists between greenhouses in terms of types of 
active ingredients used. A total of 116 active ingredients were used among all 64 
greenhouses, whereas the average number of active ingredients per greenhouse was 
approximately 15. This indicates substantial heterogeneity in chemical composition of the 
exposure between workers. The average amount of active ingredients per hectare was 28 
kg (range 0.06 to 249 kg/hectare) and a large percentage of active ingredients could be 
classified as fungicides (AM = 20 kg/hectare, range 0 to 233 kg/hectare). Herbicides 
represented the group of pesticides that was used in the lowest amounts (AM = 0.5 
kg/hectare, range 0 to 7 kg/hectare). Abamectine is the most widely used active ingredient 
recorded in 70% of the greenhouse population. The other 9 active ingredients in the top 10 
were used by 59 to 33 % of the greenhouses (Table 3). On the other end of the extreme, 
31 out of the I 16 active ingredients recorded in this study were only used in one 
greenhouse. 
Table 3 shows the ratio of overall exposure prevalence to quartile-specific exposure 
prevalence in order to express the level of temporal variability in pesticide exposure over 
the year. For pesticide groups (e.g., fungicides) the OTW ratios are small (range 1.0 to 3.8), 
indicating that fluctuations over the year are rather limited at an aggregated exposure level. 
However, larger OTW ratios could be observed for specific active ingredients (range 1.2 to 
13.0). Thus, variation in use pattern over the year seems to increase when chemical specific 
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Table 2. Amount and number of active ingredients used in different greenhouses 
(n=64) per year 
Npop total number of active ingredients used among all greenhouses 
Nam average number of active ingredients used in individual greenhouses 
" Including acanades, algiades, bactericides, mollusciades, rodent/odes ond nematiade 
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Entire Quartile I Quartile 2 Quartale 3 Quartile 4 
year 
OTW OTW OTW OTW 
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Table 3. Prevalence of pesticide groups and specific active ingredients used in 64 
greenhouses, broken down for time periods 
0 Including acancides, algicides, bactericides, mollusacides, rodentiades and nematiades 
Table 4 shows the prevalences of different application techniques among the study 
population and the related geometric mean DREAM scores as obtained through 
observations in the field. Confidence intervals are wide due to low prevalences of most 
techniques and, as a consequence, small numbers of observations per technique. 
Nevertheless, the DREAM scores enable discrimination between techniques with low (e.g., 
horizontal ground boom, motor-driven boom, and bulb shower) and high exposure 
potential (e.g., scattering, fogging, dusting, and mixing and loading of powders) for which the 
confidence intervals are not overlapping. During workplace visits the application techniques 
dripping, low-volume mister, and smoking were observed, but were considered to generate 
no o r very low exposure levels, since application in the greenhouse takes place in the 
absence of the workers. These techniques were assigned the DREAM score zero. 
Table 5 reports descriptive statistics for the potential MLA score, actual MLA score, and re-
entry score for different quartiles and over the year. Based on the range in minimum and 
maximum values it can be concluded that large differences in exposure levels exist between 
workers and greenhouses. Average quartile exposure values differ to some extent, 
indicating that there is seasonal exposure fluctuation in this population wi th the lowest 
exposure in quartile 2 (December, January and February) and the highest exposure in 
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quartile 4 (June, July and August) Figure I provides an overview of potential MLA exposure 
scores and re-entry exposure scores for each individual w o r k e r and quartile throughout the 
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0 66 - 6 98 
8 6 9 - 130 35 
-
-
0 8 8 - 10 65 
0 1 1 - 1 30 
-
5 3 9 - 120 70 
0 3 2 - 7 19 
7 81 - 4 4 0 67 
0 0 2 - 1 14 
0 5 1 - 1 1 16 
0 06 - 3 42 
0 0 2 - 1 14 
1 6 3 - 10 22 
661 - 101 52 






















0 1 8 - 2 3 4 
0 1 9 - 3 80 
0 03 - 0 83 
-
-
0 34 - 7 84 
0 02 - 0 57 
-
4 3 5 - 187 49 
0 0 3 - 1 18 
2 4 4 - 2 5 5 14 
0 0 1 - 0 7 0 
0 0 6 - 2 4 1 
0 0 5 - 5 6 1 
0 0 0 - 0 3 3 
0 02 - 0 29 
0 3 5 - 9 9 9 
0 02 - 0 29 
Table 4. Geometric mean and 95% confidence intervals of DREAM scores for application 
and mixing and loading tasks 
Ne Number of greenhouses 
No Number of observations 




























































Table 5. Range in exposure scores averaged over a year and for each quartile (n=70) 
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Worker Worker 
Figure I. Overview of dermal exposure scores for workers and quartiles 
la: Potential /VILA score; lb: Re-entry exposure score 
Discussion 
This paper describes an exposure assessment study among greenhouse owners and 
greenhouse w o r k e r s in the context of an epidemiological study. In a population of farmers 
who function as an operator, inaccurate recall may not be an important problem since use 
of pesticides is directly related t o operational needs of the farm.' Conversely, research is 
complex among workers who do not apply pesticides themselves, as they are often not 
aware of the specific pesticides applied by others t o the field in which they work. 5 The 
current study population was a mixture of both greenhouse owners and greenhouse 
workers. Yet, the inclusion of relatively less-informed greenhouse workers did not cause 
any data collection problems, since computerized application journals of the owner could 
be retrieved. 
The results clearly show that substantial exposure variation exists between greenhouse 
workers, both in terms of chemical composition and intensity. This has important 
consequences f o r epidemiological studies aiming t o establish exposure-response relations. 
Most previous epidemiological studies have considered pesticides as a group wi thout 
further characterization of chemical specific exposures. Such crude exposure assessment 
approaches for pesticides may only be successful when the underlying toxicological 
mechanism is not chemical specific. In situations where only a small part of the pesticides 
produce an adverse effect, aggregation of different pesticides in one exposure group will 
result in exposure misclassification and, as a consequence, attenuation of exposure-
response relations. Although only aggregated exposure results are shown in this paper, our 
approach results in pesticide-specific exposure estimates that can be used in 
epidemiological studies. The results of this study also clearly point t o the relevance of 
temporal variation in types of chemicals used and exposure levels. Accurately recording 
fluctuations of exposure over the year is crucial for epidemiological studies focusing on 
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time-window specific effects. Applying crude, long-term pesticide use information in 
epidemiological studies avoids pairing relevant, 'short-term' exposure events with time-
window specific responses.10" An inappropriate resolution of the exposure assessment 
method used may obscure relations between exposure and effect. This may be particularly 
important in epidemiological studies focusing on pesticides and reproductive effects, as 
these effects are extremely time-window specific.20 The other side of the picture is that the 
observed temporal exposure variation is a prerequisite for longitudinal studies.21,22 Studies 
collecting multiple response and exposure markers over time will only detect an effect in 
the presence of sufficient temporal exposure variation during the observation period. 
Intensity of pesticide exposure is difficult to take into account quantitatively, since an 
extensive exposure measurement study is often not feasible in an agricultural setting. Most 
studies are limited to the use of surrogate measures of intensity and few studies only have 
used transparent algorithms to quantify pesticide exposure.7'9 In this study, a task-based 
model was used, taking into account frequency, duration, and intensity of pesticide 
exposure during different tasks. Intensity scores were assessed by observations in the field 
using a recently developed and validated observational method for assessment of dermal 
exposure.H"" Unfortunately, for some application techniques only a very limited number of 
observations could be done, resulting in imprecise geometric mean DREAM scores for 
those techniques. Moreover, average DREAM values are used for each application 
technique, which precludes the consideration of personal differences in exposure within 
tasks. Nonetheless, the approach enabled the discrimination between application techniques 
with low and high exposure potential. 
Assessment of exposure due to re-entry is difficult, since this is the result of a complex 
chain of processes ending with the transfer of pesticide residue to the worker. Many 
authors described parts of this process.23,24 Dislodgeable foliar residue (DFR) can be 
considered a good estimate of source strength for re-entry exposure. The amount of DFR 
at the time of re-entry depends on various factors, such as the amount of active ingredient 
applied, dissipation rate of the pesticides, and elapsed time since treatment. The actual 
transfer from DFR to the worker is influenced by crop- and task-specific factors, which may 
differ between greenhouses and are difficult to assess. Taken together, a large number of 
parameters is involved in re-entry exposure, whereas valid information could be collected 
for only a few. As a matter of fact, except for amount applied, information on all other 
parameters appeared to be almost impossible to obtain in this study. This paucity of 
information was the reason that we did not use DREAM evaluations to capture variability of 
exposure due to re-entry work. Instead, we used a very crude proxy for re-entry exposure: 
i.e., the amount of pesticides applied in combination with the number of hours worked in 
the greenhouse. Since we could not take into account the specific area treated nor the 
actual time to re-entry of a specific area, the approach undoubtedly results in substantial 
misclassification of re-entry exposure. However, the results do provide insight into 
temporal variation of potential re-entry exposure throughout the year. Since exposure 
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assessment for application and re-entry represents disparate features with different levels of 
uncertainty, we did not combine the two scores into a single exposure score. 
This paper describes an approach for assessing pesticide exposure based on objective 
empirical algorithms that did not rely on subjective judgments. The main outcome was that 
substantial variation exists in pesticide exposure on different levels, potentially explaining 
the vast amount of negative epidemiological studies on health effects of pesticides. A new 
generation of epidemiological studies should properly take into account the different 
sources of exposure variation in order to make important improvements in this research 
area. Our approach combining DREAM estimates and logbooks results in time-window 
specific and pesticide specific estimates of exposure. The results described in the paper will 
be used to plan, conduct and analyze a longitudinal epidemiological study on reproductive 
effects of pesticides. The observed temporal exposure variation, both in terms of intensity 
and chemical composition, indicates that the longitudinal design linking multiple effect 
markers from the same worker to exposure fluctuations over time is feasible. 
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Abstract 
Introduct ion In the past decades, it has become clear that occupational exposure to 
specific formerly used pesticides can affect fertility in men. However, the results of recent 
studies on pesticides and ferti l ity are inconsistent. The aim of this study was to determine 
whether an association exists between pesticides used nowadays and semen quality among 
Dutch greenhouse workers. 
Subjects and Methods Data were collected in a longitudinal study including 33 
greenhouse workers who provided two semen samples in March and September 2003. 
These semen samples were analysed according to the W H O guidelines. Detailed 
information on pesticide use among greenhouse workers was obtained on a monthly basis 
through self-administered questionnaires. Pesticide exposure was assessed using an 
observational method (DREAM) wi th estimation of one re-entry score and two scores for 
mixing, loading, and application (MLA) of pesticides: potential MLA-score (whole body 
exposure) and actual MLA-score (taking into account personal protective equipment (PPE)). 
Results The median sperm concentration seemed to decline wi th 11.3 millions/ml during 
the summer (p = 0.07). Only a few men complied wi th the W H O criteria fo r the 
percentage of morphologically normal sperm (> 30% normal cells). In addition, 80% of the 
semen samples in March and 45% of the samples in September had a percentage of moti le 
sperm below the W H O criteria (> 50% progressive motil i ty). The statistical analyses did 
not show an overall association between pesticide exposure and semen quality. 
Conclusion W e found low semen quality concerning morphology and motility among 





In the past two to three decades, it has become clear that occupational exposure to specific 
pesticides can affect fertility in men.13 Several studies from the seventies and eighties show 
that occupational exposure to dibromochloropropane (DBCP), ethylene dibromide, and 
chlordecone (Kepone) may have a detrimental effect on semen quality.2"8 Workers of a 
DBCP-producing factory in California, USA, could not reproduce normally because of 
oligozoospermia and azoospermia.' Not only sperm counts decreased after DBCP 
exposure, but sperm motility and morphology were also affected.2,3 Exposure to ethylene 
dibromide decreases sperm count and the proportion of viable and motile spermatozoa, 
whereas it increases semen pH and the proportion of sperm with specific morphological 
abnormalities.4,5 Exposure to Kepone caused oligospermia with abnormal and non-motile 
spermatozoa predominating in the semen samples analysed.9·' 
Because the adverse effects of these pesticides were so catastrophic (especially for DBCP), 
they could relatively easily be detected in small size studies or through case reports. 
However, as modern pesticides are supposed to be less toxic to humans, more subtle 
effects of these pesticides on semen parameters will not come forth so easily. In this 
context, it is important to note that epidemiological studies focusing on male infertility are 
confronted with large inter- and intra-individual variation in semen quality,10 potentially 
obscuring relations between exposure and effect. In addition, exposure assessment of 
pesticides is extremely complicated as a large number of chemicals are involved. This 
results in severe misclassification when crude methods of exposure assessment are used. As 
a matter of fact, the most important critique on most studies is that occupational exposure 
to pesticides was only roughly characterized by dichotomies, e.g. exposed to pesticides or 
not exposed, application of pesticides or not, or organic farmer versus traditional farmer. 
Therefore, it is no surprise that results from recent studies are inconsistent about the 
relation between pesticide exposure and semen quality. 
Most of these studies investigated occupational groups working with mixtures of pesticides 
and not with specific pesticides. The majority of studies did not find an overall association 
between pesticide exposure and semen parameters,""" but some studies did.17"20 Pagunton 
et al. and Olivia et al. showed significant reductions in sperm concentration and percentage 
of motile sperm after exposure to ethylparathion, methamidophos, and other pesticides.1718 
The latter also found a reduction in morphologically normal spermatozoa. Wong et al. 
found that pesticide exposure was associated with oligozoospermia." However, the 
number of exposed men was small in this study and the control group was not fully 
comparable to the cases. Most studies that found an association between pesticide 
exposure and semen parameters used a cross sectional design, which has several severe 
limitations, such as selection bias due to differential participation and lack of information 
about the time dimension of the cause-effect relation.21 
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In the present longitudinal study among greenhouse workers, we applied a recently 
developed observational method (DREAM) for structured, semi-quantitative dermal 
exposure assessment of pesticides, as the dermal route is generally the most important 
route of entry for occupational pesticide exposure.2223 This enabled us to study the 
association between semen parameters in greenhouse workers and dermal exposure to 
pesticides during application and re-entry activities in a dose-response fashion. 
Subjects and Methods 
Subjects 
From a large cohor t study on pesticide exposure and ferti l ity (see Chapters 3.1 and 3.2), we 
selected 119 male non-sterilized greenhouse workers of 20 - 60 years of age who worked 
wi th pesticides and lived in the agricultural area 'Westland' in the Netherlands. This region 
is characterized by greenhouses, mainly for vegetable and f lower production. W e selected 
workers in f lower greenhouses where pesticides such as abamectine, imidacloprid, 
methiocarb, deltamethrin, and pirimicarb are frequently used (see Chapter 5). O f the I 19 
eligible men, 35 (29%) agreed to provide two semen samples: one in the first half of March 
and one in the first half of September 2003. These months were chosen based on the 
assumption that pesticide use would be less frequent in winter (December-March) than in 
summer (June-September). Actually, only 31 men delivered both samples. One man did not 
provide a semen sample in March and another man left the study before the second sample. 
T w o men were excluded, because of not working in greenhouses at the time of semen 
sample collection and serious illness. The Regional Committee on Research Involving 
Human Subjects approved the study and all participants gave their wr i t ten informed 
consent. 
Dato collection 
All participants were asked to abstain f rom ejaculation for 3 to 5 days before the day of 
semen collection. The semen ejaculates were obtained at home by masturbation directly 
into a clean plastic container where they were kept until analysis. The semen samples were 
brought to a temporary laboratory within I hour of ejaculation or picked up by the 
investigators within 30 minutes and immediately brought to the temporary laboratory. 
Information was obtained on the date and time of semen collection, spillage, number of 
days since last ejaculation, occurrence of fever, lifestyle factors, and occupational and 
environmental exposures to potential reproductive toxins other than pesticides in the 3 
months before the semen sample was obtained. This information was provided by self-
completed questionnaires at t ime of semen sample collection. 
Semen analysis 
The semen samples were analysed according to the W H O guidelines.24 After liquefaction, 
the semen parameters pH, volume, sperm concentration, motil ity, and morphology were 
determined. Sperm concentration was determined wi th a Makler counting chamber. 
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Motility was expressed as the percentage of progressively moti le spermatozoa (classification 
A + B) and morphology was determined according to the W H O criteria and expressed as 
the percentage morphologically normal sperm. 
Exposure assessment 
During one year pr ior to collection of the second semen sample (from September 2002 
until August 2003), the participants were asked to fill in monthly questionnaires on pesticide 
use and re-entry work. For each month, they noted the types of pesticides which had been 
applied in the particular greenhouse, whether the worker had applied the pesticide himself, 
the amount, frequency, and duration of application, and the technique that was used for 
each application. Information was also collected on the number of hours the participant 
performed re-entry work, such as harvesting, pruning, and weeding during each month. 
In addition, the greenhouses of all participants were visited and an inventory was made of 
formulations used in order to cross-check the self-administrated questionnaires. T w o 
industrial hygienists conducted all workplace surveys using a checklist to collect information 
in a structured way. This checklist allowed the hygienists to record the various methods of 
pesticide application (e.g., backpack, hand sprayer, fogger), and the use of personal 
protective equipment (PRE), such as chemically resistant rubber gloves and boots during 
mixing and loading, application, and re-entry work . 
To obtain insight into the exposure potential of the various mixing, loading, and application 
techniques, a recently developed observational, semi-quantitative dermal exposure 
assessment method (DREAM) was used. So-called DREAM scores were calculated for each 
mixing, loading, and application technique. Key items of the DREAM exposure evaluation 
are assessment of probability and intensity of three dermal exposure routes as defined by: 
emission, deposition, and transfer. The DREAM method consists of two parts: a multiple-
choice questionnaire on exposure determinants (inventory part) and an evaluation 
algorithm. Each answer in the questionnaire coincides with a pre-assigned value (i.e., 0, 0.3, 
1,3, 10) that is subsequently put into the evaluation algorithm, resulting in numerical 
estimates for exposure levels on both the outside clothing layer and the skin. For further 
details of this method and its reliability we refer to Van Wendel de Joode et al.1SM 
A score reflecting exposure during mixing, loading, and application (potential MLA-score) 
was calculated f rom the product of t ime exposed (frequency and duration of tasks) and 
exposure intensity expressed as technique-specific DREAM scores. A clothing protect ion 
factor (taking into account type of clothing and PRE) was used to calculate an actual 
exposure score during application (actual MLA-score). In our analyses, we used both the 
potential and the actual MLA-score, because the actual score is calculated on the basis of 
more assumptions. MLA-scores were calculated for three months periods before sperm 
sample donation. The winter period included December, January, and February 2003 and 
the summer period included June, July, and August 2003. More details with respect to the 
exposure assessment method and the exposure algorithms can be found in Chapter 5. 
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Next to exposure through mixing, loading, and application of pesticides, greenhouse 
workers are exposed to pesticides through harvesting, pruning, weeding, and gathering and 
bunching flowers after application (re-entry activities). A proxy for re-entry exposure per 
month was calculated using the amount (in kg) of active ingredient applied per area 
(hectare) of the greenhouse multiplied by an indicator reflecting the number of hours a 
worker was active in cultures treated with pesticides that month (0 hours (0); I - 50 hours 
(I); 51 - 100 hours (2); 101 - 150 hours (3); > 150 hours (4)). The re-entry exposure 
scores per period are weighted averages of the initial scores per month. 
Statistical analysis 
Data analysis was based on the 33 greenhouse workers who donated one or both semen 
samples. Descriptive statistics included medians and 25th and 75th percentiles of semen 
parameters and confounders per period, as well as the paired differences in semen 
parameters between March and September. All analyses were performed with the Statistical 
Analysis Systems (SAS version 8.2). To assess the overall effect of exposure to pesticides 
(MLA-scores and re-entry score) on semen quality, we performed a linear mixed model 
(SAS procedure MIXED) for all men who completed the exposure assessment. The MLA-
score was zero if men did not apply pesticides themselves. To ensure that the underlying 
assumptions (normality of residuals and homogeneity of variances) were satisfied, we 
applied a third root transformation to the sperm concentration and total sperm count. The 
percentage of morphologically normal sperm was transformed by the logit function. Each 
model included a MLA-score (potential or actual) and the re-entry score. Regression 
coefficients (ß) with 95% confidence intervals (95% CI) were calculated to estimate the 
strength of the association between exposure scores and semen parameters. The following 
potential confounders were evaluated: age, length of abstinence (days), cold or fever in the 
previous 3 months (yes or no), and smoking (yes or no). The confounders were included in 
the regression models one by one because of the small number of observations. 
Confounders that substantially affected the association between an exposure score and a 
semen quality parameter were maintained in the final model. 
Results 
Personal characteristics of the participating greenhouse workers, semen-related 
characteristics, and semen parameters per period are presented in Table I. The median age 
of the greenhouse workers was 43.7 years. Coffee and alcohol were consumed by most of 
the greenhouse workers, while only 7 of the men smoked. The median abstinence period 
was longer in March (4 days) than in September (3 days). Besides, more men had a cold or 
fever in the 3 months prior to the first semen donation than in the three months prior to 
the second donation. The median sperm concentration declined from the first to the 
second sample with 11.3 millions/ml, resulting in a p-value of 0.07 in the analysis of paired 
differences. Unexpectedly, the percentage of progressively motile sperm and the percentage 
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of morphologically normal sperm increased f r o m March t o September. However, only a few 
men complied wi th the W H O criteria for adequate sperm quality (> 30 % normal cells) 
regarding the percentage of morphologically normal sperm in both months (n = I vs. η = 2, 
respectively). Concerning the percentage of moti le sperm, 80% of the samples in March and 
45% of the samples in September did not comply wi th the W H O criteria (> 50% 
progressive moti l i ty). It should be noted, however, that the proport ion of progressively 
motile sperm could not be determined in six samples f r o m September because of 
extremely low sperm count. In March, only t w o samples could not be characterized for 
motility. 
Table 2 reports the descriptive statistics for the potential MLA-score, the actual MLA-
score, and the re-entry score for the t w o periods of three months preceding sperm 
donation. In total , 22 greenhouse workers performed one of more pesticide applications 
themselves and information on re-entry activities was collected for 28 men. As expected, 
the median potential MLA-score in winter (29.6) was lower than the score in summer 
(72.2). The same holds true for the actual scores (2.0 versus 6.7). The potential MLA-scores 
are higher than the actual MLA-scores, because of correction for the use of personal 
protective equipment in the latter. It should be noted that the inter-individual variation in 
exposure level is rather high in both periods. N o difference was found in the re-entry 
scores between the winter and summer period. 
W i n t e r 2003 Summer 2003 Paired differences3 p-
Median value 
(25-75 percentile) b 
Application: η = 22 η = 22 
Median (25 - 75% percentile) 
Frequency 4.2 (2.0-7.7) 7.8 ( 3 . 7 - 12.0) 3.0 (1.3-6.0) <0.0I 
Potential MLA-score 29.6 (7.1-87.8) 72.2 (31.4-166.4) 38.9 (9.5-69.1) <0.0I 
Actual MLA-score 2.0 (0.85-7.2) 6.7 (3.5-18.2) 2.2 ( 1 . 0 - 6 . 7 ) <0.0I 
Re-entry: η = 28 η = 28 
Potential score 3.0 (0.7-7.7) 3.0 ( 0 . 5 - 10.9) 0.1 (-1.0-5.4) 0.14 
Table 2. Frequency of pesticide application and exposure scores by period 
0 Paired differences are the results from the summer MIA- or re-entry scores minus the winter MLA- or 
reentry scores 
b Signed-Rank test 
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Paired differences ' 
Median 
March 2003 September 2003 (25 - 75 percentile) p-value b 
Person-related characteristics η = 33 
Median (25 - 75 percentile) 
Age (years) 





Median (25 - 75 percentile) 
Mean abstinence time (days) 
No of men (%) 
Spillage at sampling 
Had a cold in the last 3 months 
Had fever in the last 3 months 
Semen parameters 
Median (25 - 75 percentile) 
PH 
Volume (ml)c 
Concentration (millions / ml) 
Total count (millions)c 
Progressively motile sperm (%) d 
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Semen quality 
W H O criteria 
No of men (%) 
Total count (< 40 million)c 
Concentration (< 20 million / ml) 
Progressively motile sperm (< 50 %) d 
Morphologically normal sperm (< 30 %) e 
Table I. Characteristics of subjects and semen samples for greenhouse workers by month 
0 Paired differences are the results from the September sample minus the results from the March sample 
b Signed Rank test 
c Samples with spillage were excluded from the analyses 
0 Samples with extremely low sperm count were excluded from the analyses, because movlity could not be measured in these samples 
(2 m March 16m September) 
e Morphology could not be measured in two samples m September 
I (3 6) 
5 (156) 
26 (78 8) 
31 (96 9) 
3 (103) 
7 (21 9) 
18 (45 5) 
28 (93 3) 
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Table 3 shows the effects of exposure to pesticides measured by the potential MLA-score 
or the actual MLA-score and the re-entry score on the different semen parameters. 
Exposure scores were divided into three categories based on tertiles: low, medium, and 
high exposure to pesticides. The low exposure group is the reference group in all analyses. 
Applying pesticides (potential MLA or actual MLA) and re-entry activities (re-entry) were 
entered into the models simultaneously. Repeated measurements analyses showed that 
medium and high exposure characterized by the potential MLA-score was not associated 
with the different semen parameters, except for an unexpectedly higher percentage of 
progressively motile sperm in the high exposure group. No associations were found 
between re-entry and semen parameters in the models with potential MLA-score. Taking 
into account PPE, the results did not show associations between the actual MLA-score or 
the re-entry score and the different sperm parameters either. Adjustment for age, smoking, 
and cold or fever in the three months preceding sperm donation did not substantially 
change the effects of either one of the exposure groups on semen parameters. Adjustment 
for abstinence period, however, was necessary in the analyses for total sperm count and 
sperm concentration. 
Discussion 
This longitudinal study did not identify adverse effects of pesticide exposure on sperm 
quality. If any association between pesticide exposure and semen parameters was seen, it 
was in the opposite direction as to what was expected. Before interpreting these findings, 
however, some methodological issues must be considered. 
The low participation rate (29%) might have introduced selection in the study population. It 
is known that the willingness to donate semen samples is higher among subfertile men,2728 
but most of the men participating in this study had children and they had no knowledge of 
either their semen parameters or their pesticide levels. The median time-to-pregnancy 
(TTP) among the participating greenhouse workers (three months) was the same as the 
TTP among greenhouse workers in the original study population (three months) (see 
Chapter 3.2) Moreover, as each greenhouse worker served as his own control in the dose-
response analyses, no selection bias could have occurred. 
Although the study population was small, a 25% change in the proportion of normal 
spermatozoa could have been detected in this sample with 80% probability at the 5% 
significance level. For detection of a 25% change in total sperm count, the sample size was 
too small.29 However, a sample size of 33 is rather impressive, considering the effort it 
takes to collect semen samples twice in a population of agricultural workers spread out 
over many different workplaces. The possibilities to find meaningful changes in semen 
quality are also limited by the large intra-individual variation in some semen parameters, in 
particular in ejaculate volume, sperm density, and motility. The variation within men is 
nearly as large as the variation between men and can only partly be explained by the 
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duration of the period of abstinence. Seasonal variation accounts for a small part of the 
intra-individual variation as well and may play a role in our comparison of March and 
September. 
Potential score + Re-entry score 
Total countc d 
(millions) 
Concentration cd 
(millions / ml) 
Progressively motile sperm 
(%) 
Morphologically normal sperm e 
(%) 




(millions / ml) 
Progressively motile sperm 
(%) 
Morphologically normal sperme 
(%) 
Potenval MLA f 
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-20.02 - 7.00 
-0.16-0.71 
-0.18-0.63 
-0.79 - 2.85 
-1.80- 1.99 
-0.38- 1.81 






















H i g h ' 
(95% Bl) 
-0.27 - 3.59 
-1.81 -2 .18 
-0.20 - 2.25 
-0.34 - 2.08 
0.94 - 28.70 
-19.91 -8.71 
-0.31 - 0.80 





-0.23 - 29.22 
-17.38- 10.18 
-0.26 - 0.85 
-0.18-0.89 
Table 3. Estimates for sperm characteristics by tertiles of model-predicted exposure to 
pesticides (MLA-scores and re-entry scores) among greenhouse workers in the 
Netherlands 
0 The cotegory low is the reference group 
b Regression coefficient 
c Total count and sperm concentration were transformed to third roots 
Ί Adjusted for abstinence period 
e The proportion of morphologically normal spermatozoa were transformed by the logit function 
f Potential MLA-score is divided into three categories based on tertiles (low < 8.0; medium > 8.0 and < 46.5; 
high > 46.5); the low exposure group is the reference category 
e Actual MLA-score is divided into three categories based on tertiles (low < 0.6; medium > 0.6 and < 6.0; high 
> 6.0); the low exposure group is the reference category 
h Re-entry score is divided into three categories based on tertiles (low < 1.27; medium > 1.27 and < 7.0; high 
> 7.0); the low exposure group is the reference category 
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The majority of greenhouse workers participating in this study were proven fertile. Of the 
33 participants, 29 men had one or more children (mean 2.4), 3 men did not try to 
conceive, and only I one men tried in vain. For sperm morphology and motility, however, 
the data in our study are far worse than expected, based on the W H O criteria for fertile 
men and the figures for morphology and motility reported in other studies.I3H·30"33 
Laboratory dependency of morphology figures is no explanation, because the figures in our 
study are lower than the morphology figures found in other studies among fertile and 
subfertile men done in the same fertility laboratory.3'U5 The low percentages of normal cells 
are comparable to the percentages found in men who visited the fertility clinic in the same 
time period during our investigation (data not shown). However, 50% of these men have 
male-mediated fertility problems. Still, it is difficult to causally connect the low morphology 
and motility figures in our study to greenhouse work, because a dose-response relation 
with pesticide exposure was not found. 
The median total sperm counts and sperm concentrations found in our study are 
comparable with sperm counts and concentrations among fertile men in some other 
studies.3032 But in studies on pesticide exposure and semen quality, total sperm count and 
sperm concentration were lower than in our study, especially in spring.13 M 3 3 An explanation 
could be that workers in our study used less or less toxic pesticides. The decline of I I 
millions/ml in median sperm concentration may be explained by a higher intensity of 
pesticide exposure during the summer or by the extremely hot summer in 2003, as a 
decline of 10 million/ml in median sperm concentration was also seen in men who visited 
the fertility clinic in the same time periods (data not shown). 
The present study differs from most other epidemiological studies on male fertility in that 
special effort was done to assess pesticide exposure in great detail. This is the first study 
using a semi-quantitative exposure assessment method based on dermal exposure, the most 
important route of entry for occupational pesticide exposure.22,23 Other studies used only 
qualitative assessments that completely relied on self-report or expert judgement. Exposure 
assessment also requires critical consideration of the relevant time-window as the 
spermatogenesis takes about 74 days and various pesticides may act on different stages of 
sperm development. In our study, we used a time-window of three months preceding 
semen sample donation, which allows for detection of effects on early as well as later stages 
of the spermatogenesis. 
Taking into account the problems with regard to exposure assessment, it is no surprise that 
the results of studies evaluating semen quality and pesticide exposure are inconsistent. Our 
results correspond with the majority of studies on pesticide exposure and semen quality 
showing no association, regardless of exposure assessment method used."'" Some studies, 
on the other hand, conclude that pesticide exposure is associated with poor semen 
quality,17'" but the number of exposed men was small in the study of Wong et al. and the 
control group was not fully comparable to the cases. In addition, no exposure assessment 
of pesticides was done in the studies of Wong et al. and Olivia et αϊ, so misclassification 
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could have biased these results.18" Padungtod et α/., who performed adequate exposure 
assessment and included more than 70 men in the analysis, demonstrated a moderate 
adverse effect on semen quality associated with exposure to some pesticides.17 A likely 
explanation for the discrepancy between this study and ours is that different types and 
doses of pesticides were used. It should also be noted that we used exposure scores for all 
pesticides together, whereas pesticides are a very heterogeneous group. Some pesticides 
are characterized as or suspected of being reproduction toxic. However, the sample size of 
the study was too small to perform sub-analyses for only known and suspected 
reproduction toxic pesticides. This could have led to misdassification of exposure. 
Abell et al. found that number of years working in ornamental greenhouses was related to 
sperm concentration, sperm velocity, and sperm vitality, suggesting a negative effect on 
spermatogenesis by a cumulation of pesticides in testicular tissue or by previous persistent 
damage." We cannot confirm these associations, but it is possible that men participating in 
our study were also affected through their long history of working in greenhouses. The 
average number of years was 22 and more than 90% of the men worked in greenhouses for 
more than 10 years. In a previous study, we found that greenhouse workers had a 
prolonged TTP, which could also be an indication of decreased semen quality (see Chapter 
3.2). 
A recommendation for future research is to conduct a longitudinal study like ours, but to 
add an unexposed group of workers in order to directly compare morphology, motility, and 
other semen parameters between the two groups. In addition, blood samples could be 
taken to investigate in which way pesticides effect sperm quality by measuring hormonal 
levels such as LH, FSH, testosterone, and inhibin B. 
In conclusion, we found low semen quality concerning morphology and motility among 
greenhouse workers, but no overall dose-response relation could be demonstrated 
between semen quality and pesticide exposure. 
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Abstract 
Introduction Observations in several Western countries point towards a decline in sperm 
concentration and sperm quality and to hormonal disturbances, which may be associated 
with exposure to environmental endocrine disruptors, such as some pesticides. The aim of 
this study was to determine whether an association exists between pesticide exposure and 
inhibin Β as a marker for spermatogenesis among Dutch greenhouse workers. 
Subjects and Methods Data were collected in a longitudinal study including 79 
greenhouse workers and 65 referents who provided two blood samples in March and 
September 2003 to determine the serum inhibin Β level. Detailed information on pesticide 
use among greenhouse workers was obtained on a monthly basis through self-administrated 
questionnaires. Pesticide exposure was assessed using an observational method (DREAM) 
with estimation of one re-entry score and two scores for mixing, loading, and application 
(MLA) of pesticides: potential MLA-score (whole body score) and actual MLA-score (taking 
into account personal protective equipment (PPE)). Associations between pesticide 
exposure and inhibin Β were evaluated by means of linear mixed models in a dose-response 
fashion. 
Results The MLA and re-entry scores showed that pesticide exposure was lower in winter 
than in summer. However, pesticide exposure characterized by potential MLA or actual 
MLA and the re-entry score was not associated with serum inhibin Β level in the crude and 
adjusted analyses. 
Conclusion We could not demonstrate a dose-response relation between serum inhibin Β 
level, as a marker for spermatogenenis, and pesticide exposure. Apparently, pesticides do 
not affect the differentation of spermatogonia into spermatozoa, but an effect on later 




Observations in several Western countries point towards a decline in sperm concentration 
and semen quality, and towards hormonal disturbances which may be associated with 
exposure to environmental endocrine disruptors.' Greenhouse and other agricultural 
workers are exposed to a wide variety of pesticides, some of which may have endocrine 
disrupting properties or may affect human reproduction through other mechanisms. Epide-
miological studies suggest adverse effects on semen quality and male reproductive hormone 
levels due to pesticide exposure, mainly among production workers in pesticide factories.2"4 
Among agricultural workers exposed to a mixture of pesticides during spraying operations, 
male infertility and poor sperm quality were observed,56 whereas abnormal sperm quality 
was also associated with agricultural work in several case-control studies among men atten-
ding infertility clinics.7"' However, more recent studies on the relation between pesticide 
exposure and semen quality are inconsistent with the results discussed above. Some of 
these studies did not find an association between pesticide exposure and semen 
parameters,10"15 while others did.""" 
One possible reason for these inconsistencies is the large inter- and intra-individual 
variation in semen quality parameters,20 whereas sufficient numbers of semen samples are 
difficult to obtain. In comparison, the collection of blood samples in which hormone levels 
can be measured as markers for spermatogenesis is relatively easy. One of these markers is 
inhibin B, a protein secreted by Sertoli cells in the testis in response to FSH and active 
spermatogenesis. Inhibin Β regulates FSH secretion through a negative feedback loop. The 
serum inhibin Β concentration positively correlates with sperm concentration, testicular 
volume, and the state of the spermatogenetic epithelium.21,22 Moreover, inhibin Β appears to 
be a marker for the advanced stages of spermatogenesis,23,2'' reflecting the quality of the 
Sertoli cell function. As such, inhibin Β can be used as a sensitive marker of spermatogenesis 
in humans. In a study on pesticide exposure and semen quality and sex hormones, the 
serum concentration of inhibin Β was significantly lower in tradional farmers (181 pg/ml) 
than in the group of organic farmers (201 pg/ml).12 
Another reason for the inconsistent results found among studies on pesticide exposure and 
semen parameters could be that modern pesticides are less toxic, so the more subtle 
effects on semen parameters will not come forth so easily. In addition, exposure assessment 
of pesticides is extremely complicated as a large number of chemicals is involved. This 
results in severe exposure misclassification and potentially obscuring of effects in studies 
that use crude exposure assessment methods.25 As a matter of fact, the most important 
critique on the majority of studies listed above is that occupational exposure to pesticides 
was only roughly characterized by dichotomies, e.g., exposed or not exposed, application of 
pesticides or not, and organic farmer versus traditional farmer. 
In the present longitudinal study, we applied a recently developed observational method 
(DREAM) for structured, semi-quantitative dermal exposure assessment of pesticides. The 
141 
Chapter 6 2 
dermal route is generally the most important route of entry for occupational pesticide 
exposure.2627 This enabled us to study the association between mhibin B, as marker for 
sperm quality, and dermal exposure to pesticides among greenhouse workers and a 
reference group of men not exposed to pesticides in a dose-response fashion. 
Subjects and Methods 
Subjects 
From a large cohort study on pesticide exposure and fertility (see Chapters 3 I and 3.2), we 
selected 179 greenhouse workers and 114 non-exposed referents who were non-sterilized 
and 20 - 60 years of age. Greenhouse workers had to work with pesticides and were living 
in the agricultural areas 'Westland' or 'Aalsmeer' m the Netherlands. These regions are 
characterized by greenhouses, mainly for vegetable and flower production We selected 
workers in flower greenhouses where pesticides such as abamectme, imidadopnd, 
methiocarb, deltamethrm, and pinmicarb are frequently applied. A reference group 
consisting of cleaners, retail shopkeepers, and market stallholders was chosen because of 
assumed comparability with greenhouse workers with respect to educational level, 
socioeconomic status, and working conditions, such as standing and carrying heavy loads. In 
total, 81 greenhouse workers (45%) and 67 (59%) referents agreed to provide two blood 
samples, one in the first half of March 2003 and one in the first half of September 2003. 
These months were chosen based on the assumption that pesticide use would be less in 
winter (December - March) than in summer (June - September), so there would be a 
contrast in exposure levels Two greenhouse workers and 2 referents were excluded from 
the analyses, because of serious illness (n = 2), sterility (self-reported), and not working in 
greenhouses at the time of investigation The Regional Committee on Research Involving 
Human Subjects approved the study and all participants gave their written informed 
consent. 
Doto coi/ection 
Blood samples (8 5 ml) were collected during home visits by the investigators Information 
was obtained on date and time of blood sample collection, lifestyle factors, and occupational 
and environmental exposures to potential reproductive toxins other than pesticides in the 
3 months before the blood sample was drawn This information was obtained by self-
completed questionnaires during the home visit 
Inhibm Β analysis 
Serum samples were stored at -20 0C and analyzed in 5 batches at the laboratory of the 
department of Internal Medicine of the Erasmus MC in Rotterdam. Samples of greenhouse 
workers and referents were evenly distributed over the different batches. Inhibm Β was 
measured using kits purchased from Serotec Ltd, Oxford, UK. Withm-assay and between-




During one year prior to collection of the second blood sample (from September 2002 until 
August 2003), the greenhouse workers were asked to fill in monthly questionnaires on 
pesticide use and re-entry work. For each month, they reported the types of pesticides 
(trade names) which had been applied in the particular greenhouse, whether the worker 
had applied the pesticide himself, the amount, frequency, and duration of application, and 
the technique that was used for each application. Information was also collected on the 
number of hours the participant performed re-entry work, such as harvesting, pruning, and 
weeding during each month. In addition, two industrial hygienists conducted workplace 
surveys using a checklist to collect information about various methods of pesticide 
application and use of personal protective equipment (PPE) in a structured way. 
A new observational semi-quantitative dermal exposure assessment method (DREAM) was 
used. DREAM consists of two parts: a multiple choice questionnaire on exposure 
determinants and an evaluation algorithm, calculating so called DREAM scores for each 
mixing, loading, and application (MLA) technique. These scores enable a ranking of each 
technique in terms of exposure potential. For details of this method and its reliability we 
refer to Van Wendel de Joode et ο/..2β The calculated DREAM-scores were multiplied with 
the product of time exposed (frequency times duration of task) resulting in the potential 
MLA-score indicative of total pesticide exposure during the three month period prior to 
blood sampling. In addition, an actual MLA-score was calculated taking into account type of 
clothing and PPE. In our analyses, we used both MLA-scores, because the actual MLA-score 
is calculated on the basis of more assumptions. 
In addition to exposure through mixing, loading, and application of pesticides, greenhouse 
workers are exposed to pesticides through re-entry activities, such as harvesting, pruning, 
weeding, and gathering of flowers. A proxy for re-entry exposure per month was calculated 
using the amount (in kg) of active ingredient applied per area (hectare) of the greenhouse 
multiplied by an indicator reflecting the number of hours a worker was active in cultures 
that period. For more details see Chapter 5. 
Statistica/ analysis 
Data analysis was based on the 79 greenhouse workers and 65 referents who donated at 
least one blood sample. Descriptive statistics included medians and 25th and 75th percentiles 
of the blood parameters and potential confounders. All analyses were performed using the 
Statistical Analysis Systems (SAS version 8.2). To assess the overall effect of exposure to 
pesticides on inhibin B, we used a linear mixed model (SAS procedure MIXED) including 
MLA-score (potential or actual), re-entry score, and the time of blood sample collection. 
The latter was included in the model because inhibin Β concentration decreases during the 
day with 3 percent per hour.29 The exposure scores were divided into three groups based 
on tertiles: low, medium, and high exposure to pesticides. Greenhouse workers who did 
not complete all exposure assessment questionnaires, were excluded from the analyses. 
The non-exposed reference group was the reference group in all analyses. In addition, 
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greenhouse workers who did not apply pesticides themselves were placed in the reference 
group for the MLA-score. Regression coefficients with 95% confidence intervals (CI) were 
estimated to indicate the strength of the association between the exposure scores and 
inhibin Β level by the following model (simplified): 
Inhibin Β = ß0 + MLAlow* Β, + MLAmedlum* ß2
+ M L A , / ß3 + 
Re-entrylow* ß4 + Re-entrymedlum * ß5 + Re-entry,,,/ ß6 + 
Time of blood sample collection * ß7 + (potential confounders * ße.|2) 
The following potential confounders were evaluated: age, smoking (yes or no), alcohol 
consumption (yes or no), educational level (low: no education, primary school only, lower 
vocational or lower secondary education or high: intermediate and higher vocational 
education, higher secondary education, pre-university education, or university), and 
exposure to other reproductive toxins, such as aggressive detergents or paint (yes or no). 
Confounders that substantially changed the ß for potential or actual MLA or re-entry 
scores by more than 0.1 were maintained in the final model. 
Results 
Personal characteristics of the participating greenhouse workers and referents and inhibin Β 
concentrations per group are presented in Table I. Greenhouse workers were slightly 
younger than men in the reference group (median 40.8 versus 42.2 years), but the most 
obvious differences were found in smoking habits and educational level. A larger percentage 
of referents smoked and referents more often had a low education. In addition, the 
percentage of greenhouse workers with children (81%) was higher than the percentage of 
referents with children (71%) and greenhouse workers had worked more years than the 
men in the reference group (median 20.0 versus 15.0 years). The percentages of men 
exposed to reproduction toxic substances other than pesticides were not different 
between the two groups. The median inhibin Β concentration increased somewhat from 
March (197 ng/L) to September (208 ng/L) among greenhouse workers, whereas the inhibin 
Β concentration slightly decreased among the reference group (199 ng/L to 184 ng/L). 
However, it should be noted that the variation in serum inhibin Β concentration is large in 
both groups. 
Table 2 shows the descriptive statistics for the potential MLA-score, the actual MLA-score, 
and the re-entry score for the two periods of three months preceding blood sample 
donation among greenhouse workers. In total, 50 greenhouse workers performed one or 
more pesticide applications themselves in winter and 55 men performed pesticide 
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Median (25 - 75 percentile) 
Age (years) 
Work years (years) 
No. of men (%) 
Educational level (low) 
Smokers (yes) 
Alcohol consumption (yes) 
Coffee consumption (yes) 
Children (yes) 
Exposure to reprotoxic substances: 




Inhibin Β (ng/L) 
Median (25 - 75 percentile) 
March 197.0(154.0- 268.0) 199.0(143.0-274.0) 
September 208.0(160.0- 263.0) 184.0(138.0-268.0) 
Difference * 
Median (25 - 75 percenvle) 6.0 (-10.0 - 30.0) -3.0 (-31.0 - 19.0) 
Table I. Characteristics of subjects and inhibin Β concentration for greenhouse workers 
and referents 
0 Paired differences are the results of September scores minus March scores 
winter and 68 men in summer. As expected, the median potential MLA-score in winter 
(14.5) was lower than the score in summer (47.8). The same holds true for the actual MLA-
scores and the re-entry scores. The potential MLA-scores are much higher than the actual 
MLA-scores, because of correction for the use of personal protective equipment in the 
latter. It should be noted that the inter-individual variation in exposure levels is rather high 
in both periods. 
Table 3 shows the effects on inhibin Β concentration of exposure t o pesticides defined by 
being a greenhouse w o r k e r and by exposure groups based on the MLA-scores (potential o r 
actual) and the re-entry score. The t ime of blood sample collection was included in all 
models. The analysis of greenhouse workers versus non-exposed referents showed a 
regression coefficient (ß) for exposure of 8.6 (95% CI: -21.7 - 38.9) (model la). This means 
that greenhouse workers on average had a 8.6 ng/L higher inhibin Β level than the reference 
group. Adjustment for alcohol consumption, educational level, and exposure t o 
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Table 2. Exposure to pesticides characteristics by pesticide application scores and re­
entry score among greenhouse workers by exposure period (medians and 2 5 t h and 7 5 t h 
percentiles) 
MLA mixing, loading and application 
<· Paired differences are the results of summer scores minus winter scores 
b Signed-Rank test 
reproductive toxins did not substantially change this result. After adjustment for age and 
smoking, the adjusted β was 16.0 (95% CI: -15.9 - 47.9) (model lb). In all further analyses, 
the adjusted models included age and smoking as well. In models 2 and 3, the exposure 
scores (MLA-scores and re-entry scores) were divided into three groups based on tertiles: 
low, medium, and high exposure to pesticides. Greenhouse workers whose MLA-scores 
and re-entry score could not be estimated, were excluded from the analyses. In comparison 
with the non-exposed group, low, medium, and high pesticide exposure characterized by 
the potential MLA-score showed no association with inhibin Β level in the crude (model 2a) 
and adjusted (model 2b) analyses. For instance, the inhibin Β level in the medium exposed 
group was 1.8 ng/L lower than in the non-exposed group (model 2b), but none of the 
differences were statistically significant. In addition, no association was found between the 
different re-entry groups and inhibin Β level in the model including the potential MLA-score, 
although there seemed to be a slight trend for increased inhibin Β concentrations with 
higher exposure levels. Taking into account the use of personal protective equipment in the 
actual MLA-score, the results showed an identical pattern (models 3a and 3b). 
Discussion 
This longitudinal study did not identify an association between inhibin B, as a marker for 
spermatogenesis, and pesticide exposure. Before interpreting these findings, however, some 
methodological issues must be considered. The difference in participation rate between 
greenhouse workers (45%) and referents (59%) might have introduced selection in the 
study population. This is probably due to the fact that greenhouse workers living in the 
'Westland' were asked to donate semen samples in addition to blood samples. Excluding 
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Greenhouse workers versus non-exposed referents 
li (95% BI) 
Model I a (crude) 8 6 -21 7 - 38.9 
Model I b (adjusted b) 16.0 -15.9 - 47.9 
Exposurec: Low Medium High P-value for trend 
fl (95% BI) fl (95% B/) fl (95% BI) 
Model 2a (crude): 
Potential MLA d 
Re-entry e 
Model 2b (adjusted b) 
Potential MLA d 
Re-entry « 
Model 3a (crude): 
Actual MLA ' 
Re-entry e 
Model 3b (adjusted b ) : 
Actual MLA ' 
Re-entry e 
Table 3. Regression coefficients1 for greenhouse workers versus non-exposed referents and for exposure groups by tertiles of model-
predicted exposure to pesticides (MLA-scores and re-entry scores) among greenhouse workers versus non-exposed referents 
MLA mixing, loading and application 
" Regression coefficients (ß) were estimated from repeated measurements (PROC MIXED) 
6 Adjusted for age and smoking 
c The category no exposure to pesticides is the reference group 
d Potential MLA-score is divided into four categories based on tertiles among the exposed 
(no exposure; low: MLA score < 14.89; medium: MLA-score > 14.89 and < 50.62; high: MLA-score > 50.62) 
' Re-entry score is divided into four categories based on tertiles among the exposed 
(no exposure; low: MLA-socre < 0.78; medium: MLA-score >0.78 and < 5.53; high: MLA-score >5.53) 
f Actual MLA-score is divided into four categories based on tertiles among the exposed 
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these greenhouse workers, the response in both groups was comparable (59%) There does 
not seem t o be selection on fertil ity as most participating men had children The median 
time-to-pregnancy among greenhouse workers wi th children was the same as the t ime-to-
pregnancy among the reference group (three months) and was comparable with the original 
study population Moreover, as each man served as his own contro l in the dose-response 
analyses, no selection bias could have occurred 
All analyses were adjusted for the t ime of blood sample collection, because serum inhibin Β 
concentrations fol low a diurnal rhythm, with 30% higher levels in early morning and lower 
levels in late afternoon.2 9 In addition, we corrected the results f o r age and smoking. Al l 
other potential confounders did not substantially change the association between pesticide 
exposure and inhibin Β level. Excluding referents w h o w o r k e d w i t h pesticides in the three 
months before blood sample collection o r men wi th an inhibin Β level lower than 50 ng/L 
did not change the results either. A very low serum inhibin Β level indicates an abnormality 
in testis function, which is most likely not attributable t o pesticide exposure. 
Because of the difficulties involved in obtaining semen samples, the many factors that can 
influence semen quality, and the fact that semen analyses are subject t o large mtra-mdividual 
variability, we evaluated serum inhibin Β level as a marker for spermatogenesis. Pierik et ai. 
concluded that it is a valuable marker for both clinical and epidemiologic research.3 0 In 
previous studies, levels of inhibin Β have been positively correlated with sperm 
concentration, total sperm count, and testicular v o l u m e 2 2 3 1 3 2 N o correlations w e r e 
observed between inhibin Β levels and the percentage of sperm w i t h progressive moti l i ty 
and normal morphology.2 3 In another part of the current study, a low semen quality 
concerning morphology and motil ity was found among greenhouse workers, but no 
associations between sperm count and concentration and pesticide exposure (see Chapter 
6 I) This is compatible wi th the results for inhibin Β found here A n explanation could be 
that pesticides do not affect sperm quality during the differentiation of spermatogonia into 
testicular spermatozoa, but in a later stadium, for example during maturation in the 
epididymis, when the spermatozoa acquire their final motil ity pattern No effects of 
pesticide exposure on inhibin Β levels would be found m this situation. 
Another explanation could be that the inhibin Β measurements w e r e not sensitive enough 
t o detect differences m fertil ity between greenhouse workers and referents, as most of the 
men participating in our study were proven fertile. Their inhibin Β levels were comparable 
t o the levels found in t w o large groups of men f rom the general population (n = 187, η = 
62), in which mean (sd) serum levels of inhibin Β were 219.8 (90.8) and 201.4 (93 I) ng/L3 2 
All previous studies that reported high correlations between inhibin Β and sperm 
concentration, total sperm count, and testicular volume 2 2 3 1 3 2 were performed among t w o 
subgroups of men. one with normal sperm concentration and the other with low sperm 
concentration. W e collected both blood samples and semen samples f rom 31 greenhouse 
workers. The correlations between inhibin Β and sperm concentration were 0.2 (p = 0.24) 
and 0.4 (p = 0.01) in March and September, respectively. For total sperm count these 
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correlations were 0.2 (ρ = 0.27) and 0.4 (ρ = 0.01). It can be assumed that the correlations 
between inhibin Β and sperm parameters are much lower among fertile men than among 
contrasting groups of subfertile and fertile men. 
A third explanation for our findings could be that we used exposure scores for all pesticides 
together, whereas pesticides constitute a very heterogeneous group of substances. Some 
pesticides are characterized as or suspected of being reproduction toxic. However, the 
sample size of this study was too small to perform sub-analyses for only known and 
suspected reproduction toxic pesticides. This could have led to misclassification of 
exposure and potential dilution of effects. 
The present study differs from most other epidemiological studies on male infertility, 
because special effort was put into assessing pesticide exposure in great detail. This is the 
first study that used a semi-quantitative exposure assessment method based on dermal 
exposure, the most important route of entry for occupationally used pesticides.26,27 Other 
studies used only qualitative assessments that completely relied on self-reports or expert 
judgement. Exposure assessment also requires critical consideration of the relevant time-
window as the spermatogenesis takes approximately 74 days and various pesticides may act 
on different stages of development. In this study, we used a time-window of three months 
preceding semen sample donation, which allows for detection of effects on early as well as 
later stages of the spermatogenesis. 
A few other authors also investigated the association between inhibin Β level and pesticide 
exposure as part of their studies. Larsen et al. studied sperm quality and sex hormones 
among 85 organic and 171 traditional Danish farmers.12 They found no differences in sperm 
parameters between the two groups, but organic farmers had slight/ higher inhibin Β 
concentrations compared with traditional farmers. Another study by Larsen et al. 
investigated whether occupational exposure to pesticides during a spraying season could 
cause short-term changes in semen quality.33 They found no decline in sperm concentration 
and concluded that pesticide use is not a likely cause of short-term effects on reproductive 
hormones, including inhibin B. Two other studies investigated FSH and pesticide exposure. 
Inhibin Β is secreted by Sertoli cells in the testis in response to FSH and inhibin Β and FSH 
have an inverse relationship. 22'31 Abel et al. found that sperm concentration was inversely 
related to the total duration of work in ornamental greenhouses and that sperm 
concentration and FSH were inversely related, but FSH did not show a consistent 
relationship with length of employment.10 Padunton et al. observed a slightly elevated serum 
FSH level among Chinese workers producing organophophate pesticides.2 In the study of 
Larsen et al. in which a slightly higher inhibin Β concentration was found in organic farmers, 
no differences in FSH concentration were observed.12 
The results of these studies are comparable with the observations in our study in which no 
dose-response relation could be demonstrated between pesticide exposure and inhibin B, 
as a marker for the early spermatogenesis. This strengthens the theory that pesticides 
currently in use do not affect sperm quality during the differentiation of spermatogonia into 
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testicular spermatozoa, but an effect on later stages of sperm development and maturation 
cannot be excluded. 
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Chapter 7 
Abstract 
Introduction Hormonal balance is an important factor in female fertility, in particular 
concerning the ovarian cycle. Because some pesticides appear to have hormone disrupting 
properties, we aimed to determine whether an association exists between pesticide 
exposure and disrupted ovarian function. This explorative study also enabled us to compare 
different indicators for ovarian function that might be used in occupational field studies. 
Subjects and Methods In 2002, data on menstrual cycle characteristics were collected by 
self-administrated questionnaires among a large group of female greenhouse workers and 
referents. In a subsequent prospective study, 51 greenhouse workers and 35 referents kept 
daily diaries and measured basal body temperature for 3 menstrual cycles, and provided 
urine and blood samples in the third cycle for hormonal examination. Among greenhouse 
workers, concurrent information on pesticide use and re-entry activities was obtained 
through self-administered questionnaires. 
Results The data from the questionnaires and daily diaries showed a 0.6 days longer 
bleeding duration (90%CI: 0.1 - I.I) and potentially longer cycle lengths among women 
exposed to pesticides. The relative risk of long bleeding duration (> 7 days) was 2.3 (90%CI: 
1.0 - 5.4). Increased relative risks were also seen for long cycle length and anovulation, but 
confidence intervals were too wide to draw conclusions. Little agreement was observed 
between different indicators of anovulation. 
Conclusion This study showed increased bleeding duration and a tendency for longer 
cycles and anovulation among female greenhouse workers, but more research is needed to 
further elucidate the potential effects of pesticide exposure on ovarian function. In addition, 





Hormonal balance is an important factor in female fertility and in particular in regulation of 
the ovarian cycle. Lifestyle factors, such as smoking and physical activity, can affect a 
woman's hormonal balance and the ensuing ovulatory pattern. Some chemicals, including 
pesticides, appear to have hormonally disrupting properties. Experimental animal studies 
showed that exposure to these pesticides decreases estrogen levels1"3 and may cause 
ovarian cycle irregulaties.4"6 Organochlorine compounds are known to interrupt the estrous 
cycle,7 whereas the number of estrous cycles and the duration of each phase can be affected 
by exposure to atrazine, carbofuran, and other pesticides in rats.'1'8'9 In addition, pesticides 
with specific estrogenic properties may block ovulation.10" However, it is not possible to 
directly extrapolate the effects found in animals to humans and epidemiological studies on 
pesticide exposure and ovarian function are scarce. Only recently, Farr et al. examined the 
association between pesticides and menstrual cycle characteristics. They found that women 
who used pesticides suspected of being hormonally active had a 60-100% increased odds of 
experiencing long cycles, missed periods, and intermenstrual bleeding compared with 
women who had never used pesticides.12 
In the context of a large-scale epidemiological study, we hypothesized that female 
greenhouse workers have increased risks of a disturbed ovarian function. Female 
greenhouse workers constitute a major occupational group of workers who experience 
pesticides exposure at reproductive age. Usually, they are not directly exposed to 
pesticides, but indirectly through re-entry activities (e.g. gathering or bunching flowers). 
Many of these tasks require intensive contact with plants, which precludes effective use of 
personal protective equipment, whereas the dermal route is generally the most important 
route of entry for occupational pesticide exposure.13 M 
To investigate the above-mentioned hypothesis, we had to select appropriate indicators for 
ovarian function that could be used in an occupational field study. The following options 
were available: 
Self-reported menstrual cycle characteristics from a retrospective questionnaire 
Daily diaries to map menstrual cycle characteristics, i.e. cycle length, bleeding 
duration, and irregularity of cycle 
Daily basal body temperature 
Hormone levels: partial urinary estrogen profiles and serum progesterone level in 
one blood sample. 
Each of these options have attractive features as well as disadvantages. Self-reported 
characteristics of the menstrual cycle obtained by survey questionnaires are inexpensive and 
easy to acquire, but retrospective reports are considered to be unreliable, owing to 
problems of recall.15"17 Prospective studies produce more accurate data, but may involve 
problems of subject recruitment, compliance, and dropout. The advantage of mapping the 
menstrual pattern by asking women to keep a daily diary, logbook, or calendar is that 
bleeding events are recorded as they occur.17 However, information from diaries may not 
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be sensitive enough to indicate changes in hormonal function, for instance resulting in 
anovulation.19 Basal body temperature (BBT) is a simple and very practical method of 
monitoring the occurrence of ovulation. However, temperature must be measured before 
getting up and measurements taken after even a short period of ambulation are invalid." 
Hormone levels (estrogens and progesterone) preferably measured in blood, but for 
practical reasons in urine samples, may be more accurate to assess the menstrual function, 
but are very labor-intensive and thus costly, especially if the entire menstrual cycle needs to 
be profiled." 
As the arguments for and against each of these methods did not lead to a clear preference, 
we took the opportunity to include all of these measures in our study. This enabled us to 
compare different outcome parameters with respect to feasibility, precision, and power to 
detect an effect of pesticide exposure on ovarian function. 
Subjects and Methods 
Subjects 
From a large retrospective study on pesticide exposure and fertility (see Chapters 3.1 and 
4), we selected 96 female greenhouse workers and 84 referents over 20 years of age who 
were not pregnant, not using oral contraceptives, and not in menopause. All subjects were 
living in the agricultural areas 'Westland' or 'Aalsmeer' in the Netherlands, which are 
characterized by greenhouses, mainly for vegetable and flower production. We selected 
workers in flower greenhouses where pesticides such as abamectine, imidacloprid, 
methiocarb, deltamethrin, and pirimicarb are frequently used (see Chapter 5). The 
reference group consisting of cleaners, retail shopkeepers, and market stallholders was 
chosen because of assumed comparability with greenhouse workers with respect to 
educational level, socioeconomic status, and working conditions, such as standing and 
carrying heavy loads. In total, 57 greenhouse workers (59%) and 43 (51%) referents agreed 
to the study protocol, but five women dropped out before the start of the study because of 
pregnancy or personal circumstances. The total follow-up period was completed by 51 
greenhouse workers (89%) and 35 (81%) referents, while 9 women dropped out because of 
contraceptive use (I), pregnancy (2), or not having menstrual bleedings during the research 
period due to start of menopause (6). One woman was excluded from the analyses, 
because she was not working with pesticides at the time of investigation. The Regional 
Committee on Research Involving Human Subjects approved the study and all participants 
gave their written informed consent. 
Dota collection 
In 2002, all participants reported their menstrual cycle characteristics in a self-administrated 
questionnaire as part of the retrospective study. For the prospective part of the study, they 
filled out a daily diary in which they indicated the days of menstrual bleeding, severity of 
bleeding, and specific circumstances, and measured their basal body temperature every day 
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for 3 menstrual cycles between January 2003 and April 2003. Each month, they also 
completed questions on lifestyle factors, use of medication, weight gain or loss, and work. 
During the last cycle, the women collected first-morning urine samples on the first 7 days 
and on day 12, 17, and 22, which were stored in the home freezer until pick-up. To 
measure progesterone level, a blood sample was collected around day 23 of the last cycle 
during a home visit by the investigators. If the cycle was expected to be shorter of longer 
than 28 days, the mid-luteal phase was estimated based on the two previous cycles. At the 
time of blood draw, the urine samples were picked up and information was obtained by 
means of self-completed questionnaires on occupational and environmental exposures to 
potential reproductive toxins other than pesticides in the preceding 3 months. 
/ 7ß-estrod/O/ and progesterone analyes 
Urine 17ß-estradiol (E2) and serum progesterone (P) concentrations were measured with 
radioimmunoassay (RIA) procedures developed in-house at the Department of Chemical 
Endocrinology of the Radboud University Nijmegen Medical Centre.20 Prior to RIA, the 
samples were extracted twice with diethyl ether and the dried extracts were subjected to 
Sephadex LH-20 chromatography for isolation of the E2 and Ρ containing fractions. The 
minimum detectable concentrations of E2 and Ρ were 75 pmol/L and 1.3 nmol/L, 
respectively. The precision in terms of within- and between-assay coefficients of variation 
for the means of duplicate determinations were 4.3% and 7.9% for E2 and 4.1% and 9.1% in 
case of progesterone. The E2 concentration was corrected for urinary Creatinin level in the 
statistical analyses. 
Exposure assessment 
All greenhouse workers were asked to fill out questionnaires on pesticide use and re-entry 
activities during the research period. For each month, subjects had to fill in the types of 
pesticides which had been applied in the particular greenhouse, whether she had applied the 
particular pesticides herself, the amounts, and the frequency of application. Information was 
also collected on the number of hours the participant performed re-entry work, such as 
harvesting, pruning, and weeding. In addition, greenhouse workers were asked to provide a 
print of the computerized application journals with information on types of pesticides used 
per month. Because none of the women applied pesticides herself, we calculated re-entry 
exposure per month using the amount of active ingredient applied (kg) per area (hectare) of 
the greenhouse multiplied by an indicator reflecting the number of hours a worker was 
active in the cultures (0 hours (0); I - 50 hours (I); 51 - 100 hours (2); 101 - 150 hours 
(3); > 151 hours (4)). The re-entry score was calculated for a four-month period (January 
2003 - April 2003) and subsequently divided into two exposure groups (low or high) based 
on the median exposure per month (for more details see Chapter 5). 
Outcome measures 
Retrospective questionnaire 
From the self-administrated questionnaire, we assessed four menstrual cycle characteristics: 
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mean cycle length, bleeding duration, heavy bleeding, and irregularity of the menstrual cycle. 
Mean cycle length and bleeding duration were estimated by the participants as the average 
number of days between onset of menses and the usual number of days of blood loss, 
respectively. Heavy or excessive bleeding was assessed by the response categories yes and 
no. Women were asked to describe their actual menstrual pattern as 'regular' (usually not 
more than two days early or late), 'irregular' (usually three to seven days early or late) or 
'unpredictable'. Irregularity was defined by the categories irregular and unpredictable taken 
together. 
Daily diaries 
Prospective data on menstrual cycle characteristics were obtained from the daily diaries, 
making it possible to compute mean cycle length, standard deviation of mean cycle length to 
indicate irregularity, mean number of days with bleeding, and intensity of bleeding per 
menstrual period for each woman who contributed at least two cycles. Cycle length was 
calculated from the day of onset of menstruation through the day before onset of the next 
menses.15 Bleeding duration was based on the number of consecutive days a woman 
reported as bleeding days in her diary with a minimum of 2 days.21 Intensity of bleeding was 
determined on the basis of self-reported bleeding as very little, little, normal, heavy, and 
very heavy for each day of the bleeding period. If a woman reported very little or little 
bleeding for her whole bleeding period, we assessed the intensity of this bleeding as mild; 
otherwise the bleeding was considered normal. For women with all normal bleedings, 
bleeding intensity was defined as normal, whereas bleeding intensity was considered mild 
for those with mild bleeding at least once. For cycle length, the distribution of the means of 
the standard deviation per women was skewed to the right, so this variable was 
transformed with the natural logarithm (In). For women with a standard deviation of zero, 
0.25 day was used to take the In. Extreme cycle irregularity was defined as a standard 
deviation of more than 7 days. 22·23 We defined extreme mean cycle length as short (< 24 
days) and long (> 35 days), based on prospective studies15,2425 showing that 10% of all cycles 
in women are < 24 days and 10% are > 35 days. Extreme menstrual bleeding duration was 
also defined as short (< 4 days) and long (> 7 days).26 
Basal body temperature 
The ovulatory pattern of the third menstrual cycle of each subject was evaluated using the 
basal body temperature (BBT) curve. We considered a graph to be biphasic if the curve 
showed a shift in BBT from a lower to a higher phase around the assumed date of 
ovulation. Therefore, we calculated the mean temperature during the first ten days of the 
cycle and during the last ten days. If the mean temperature difference between these time 
periods was at least 0.05oC, the menstrual cycle was classified as ovulatory. Otherwise, the 
cycle was classified as anovulatory. 
Estrogen 
The urine samples of cycle day 2, 7, 12, 17, and 22 of the third menstrual cycle were 
analyzed for 17ß-estradiol as a characterization of follicular growth during the follicular 
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phase and the peri-ovulatory period.27 Subsequently, the 17ß-estradiol levels were plotted 
in a graph for each woman and the day of ovulation was determined by total duration of the 
menstrual cycle minus 14 days, because the luteal phase is assumed not to vary to a large 
extent.28 We classified a graph as ovulatory if the curve showed an increase of 17ß-estradiol 
level roughly around the day of ovulation. If no increase could be seen, the graph was 
classified as anovulatory. 
Progesterone 
Progesterone in serum was measured to further assess the occurrence of ovulation.2029 
First, we determined in which phase of the cycle the blood sample was actually collected 
based on the estimated day of ovulation. When the blood sample was taken in the mid-
luteal phase, the cycle was classified as ovulatory when progesterone level was above 10 
nmol/L and as anovulatory when progesterone level was below 10 nmol/L. Samples taken in 
the late luteal phase with progesterone levels above 10 nmol/L were also considered to be 
from ovulatory cycles, but samples with progesterone levels below 10 nmol/L were deemed 
non-classifiable. When the blood sample was not collected in the luteal phase, ovulation 
could not be determined either. 
Statistical analysis 
The data from the questionnaires and daily diaries were put into an MS Access database and 
statistical analyses were performed using the statistical package SPSS 12.0.1. Associations 
between exposure to pesticides and cycle length, cycle irregularity, and bleeding duration 
were studied by linear regression analyses. For associations between binary outcome 
measures and exposure to pesticides, relative risks (RR) were calculated. Initially, crude RR 
and Betas (ß) with 90 percent confidence intervals (90% CI) were estimated. We opted for 
90% CIs because of the explorative character of the study. Following, Mantel Hanzel RRs 
and multivariable linear regression analyses were performed to correct for confounding. 
The following potential confounders were evaluated: age (< 40 or > 40 years), smoking (yes 
or no), alcohol consumption (yes or no), educational level (low: no education, primary 
school only, lower vocational or lower secondary education or high: intermediate or higher 
vocational education, higher secondary education, pre-university education, or university), 
physical activity (high activity or low and no activity), and BMI (< 30 or > 30 kg/m2). The 
potential confounders were included in the models or the Mantel Hanzel analyses one by 
one because of the small number of observations. Variables that substantially changed the ß 
or RR of the outcome measure by more than 10 percent were considered true 
confounders. Where appropriate, kappas were calculated as measures of agreement 




Personal characteristics of the participating greenhouse workers and referents are 
presented in Table I Slightly more greenhouse workers than referents were 40 years or 
over (60% versus 54%), but the largest differences were found in lifestyle factors More 
reference women smoked and consumed alcohol and coffee, whereas more greenhouse 
workers had a BMI over 30 kg/m2 (15% versus 6%) The percentage of greenhouse workers 
wi th children was lower (80%) than the percentage of women with children in the 
reference group (89%). The results of the questionnaire study performed in 2002, in which 
the women evaluated their own menstrual cycle patterns, are also presented m Table I 
Mean age at menarche was higher among greenhouse workers ( 13.2 years) than among the 
reference group (12.4). Self-reported cycle length seemed to be slightly longer and variation 
was larger among greenhouse workers (27.2 with sd = 4.9) than among referents (26.3 wi th 
sd = 2.7) Self-reported bleeding duration was also longer among greenhouse workers wi th 
a mean difference of 0.7 days (90% CI: 0 2 - 1.2). N o differences between the two groups 





No of women (%) 
Age (> 40 years) 
Educational level (low) ° 
Smokers (yes) 
Alcohol consumption (yes) 
Coffee consumption (yes) 
Physical activity (high) 


























Self reoorted ludeement of menstrual cycle m rétrospective Questionnaire (2002L 
Mean (sd) 
Age at menarche (years) 
Mean cycle length (days) 
Bleeding duration (days) 
No of women (%) 
Heavy bleeding 
Irregularity of menstrual cycle 
13 2(2 4) 
27 2 (4 9) 





26 3 (2 7) 0 8 
48 (13 ) 07 
RR 
11 (32%) 0 9 
10(29%) 08 
90% CI 
0 1 - 1 5 
- 0 8 - 2 4 
0 2 - 1 2 
90 % CI 
0 5 - 1 6 
0 5 - 1 5 
Table I. Characteristics of subjects and self-reported judgement of menstrual cycle for 
greenhouse workers and referents 
0 Education level was missing for 2 women 
b Length andlor weight was missing for 5 women 
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Table 2 shows the crude and adjusted regression coefficients (ß) with 90 percent 
confidence intervals for the continuous menstrual cycle characteristics based on daily 
diaries. No differences were seen between greenhouse workers and referents for mean 
cycle length and irregularity. Increased bleeding duration was associated with overall 
pesticide exposure (ß = 0.61; 90% CI: 0.11 - 1.10), while greenhouse workers in the highest 
pesticide exposure category had a longer bleeding duration (6.5 days) than low exposed 
greenhouse workers and referents (5.8 and 5.7 days, respectively). Adjustment for 
educational level, alcohol and coffee consumption, BMI, and physical activity did not 
substantially change the effects of pesticide exposure on menstrual cycle characteristics, but 
adjustment for age and smoking was necessary in some analyses and is therefore presented 
for all. 
Table 3 shows the crude and adjusted relative risks with 90% CI for each dichotomous 
menstrual cycle characteristic based on the daily diaries. Women who worked in 
greenhouses tend to have a slightly decreased risk of short menstrual cycles (RR = 0.52; 
90% CI: 0.16 - 1.73) and short bleeding duration (RR = 0.35; 90% CI: 0.05 - 2.52), although 
the confidence intervals are wide. Greenhouse workers with high exposure to pesticides 
had no short cycles or short bleeding duration at all (data not shown). On the other hand, 
pesticide exposure seemed to be associated with an increased risk of long cycles (RR = 
2.78; 90% CI: 0.46 - 16.83) and long bleeding duration (RR = 2.26; 90% CI: 0.95 - 5.36). In 
addition, high exposed greenhouse workers more often had a long bleeding duration than 
low exposed greenhouse workers (data not shown). Cycle irregularity and severity of 
bleeding were not associated with pesticide exposure. The RRs for anovulation based on 
BBT-curve, estrogen profile, and progesterone level seemed to be slightly increased for 
greenhouse workers (RR = 2.13; 90% CI: 0.76 - 5.97, RR = 2.20; 90% CI: 0.34 - 14.16, and 
RR = 2.10; 90% CI: 0.33 - 13.43, respectively), although the confidence intervals are wide. 
Anovulation could not be determined in a substantial number of menstrual cycles because 
of mistimed estrogen (n = 7) and progesterone (n = 15) measurements, mainly due to 
extremely long cycles in greenhouse workers and short cycles in the reference group. 
Adjustment for age and smoking habits did not, or only marginally, change the results. 
Table 4 shows the lack of agreement between the different indicators for anovulation. The 
cycles of 27 of the 85 participants were deemed anovulatory based on at least one of the 
indicators. One woman was concordant for three indicators and 6 women were 
concordant for two of the 5 indicators. All other women were classified as anovulatory by 
one indicator only. Of all 5 indicators, only BBT-curve and long cycle showed some 
measure of agreement (kappa = 0.3). It should be noted, however, that the number of 
women for whom ovulation or anovulation could not be determined due to long or short 
cycles was high for progesterone level and estrogen profile, which makes comparison with 







(n = 34) 
Mean (sd) 
Crude 
fleto (90% CI) 
Adjusted for age 
fleto (90% CI) 
Adjusted for smoking 
fleto (90% CI) 
Mean cycle length 










0.61 (0.11 - 1.10) 
0.76 (-0.83-2.35) 
-0.12 (-0.43-0.19) 
0.64 (0.15- 1.13) 
0.62 (-1.00-2.24) 
-0.12 (-0.43-0.19) 
0.58 (0.08- 1.08) 
Table 2. Mean cycle characteristics and regression coefficients for continuous outcome measures assessed by daily diaries 
0 irregularity is measured by the standard deviation of mean cycle length. 
Observed cases Crude Adjusted for age Adjusted for smoking 
Greenhouse 
workers (nj 
Referents (n) RR (90% CI) RRmh (90% CI) RRmh (90% CI) 
Outcome variable 
Short menstrual cycle (< 24 days) 
Long menstrual cycle (> 35 days) 
Short bleeding duration (< 4 days) 
Long bleeding duration (> 7 days) 
Cycle irregularity (> 7 days)a 
Intensity of bleeding (mild) b 
Anovulation based on: 
Basal body temperature curve 
Estrogen profile 
Progesterone level 
































































































Table 3. Crude and adjusted relative risks for dichotomous outcome measures assessed by daily diaries 
0 Irregularity is measured by the standard deviation of mean cycle /ength. 
b Bleeding intensity is defined as mild if at least one bleeding period was assessed as mild bleeding. 
Ovarian function 
Cases Progesterone level Estrogen profile BBT-curve Long cycle Short cycle 
(< 10 nmol/L in (not showing a (not showing (> 35 days) (< 24 days) 
midluteal phase) peak around a shift of 
estimated > 0.05°C) 




































































Table 4. Women who were defined as anovulatory based on at least one of the different 
indicators in the third menstrual cycle 
X anovulation based on specific indicator 
? ovulation or anovulation could not be determined due to long or short cycle 
Discussion 
The analyses of the daily diaries showed a 0.6 days longer bleeding duration and an 
increased risk of long bleeding duration (> 7 days) and potentially of long cycle length 
among women exposed to pesticides. The same results were seen in the analyses of the 
self-reported menstrual cycle data f rom the retrospective questionnaire. The risks of 
anovulation were also slightly increased, but little agreement was observed between 




This explorative study is one of the first to examine the effects of pesticides on menstrual 
function. Although the study population was small, a difference of little more than half a day 
in bleeding duration could be detected in this sample at the 10% significance level. For 
detection of a difference of one day in mean cycle length and a 25% change in anovulation 
rate, the sample size was too small. However, it already took a considerable effort to 
collect daily diaries, basal body temperatures, urine samples, and blood samples from 100 
women (with complete follow-up for 86%) in a population of agricultural workers spread 
out over many different workplaces. Because of the small numbers we were not able to 
correct for all confounders simultaneously, but confounder correction one by one did not 
change the results to a large extent. 
The response rates were quite comparable between greenhouse workers and referents 
(59% versus 51%). Since the study was presented as general research on work and lifestyle 
habits, not putting any emphasis on pesticide exposure, greenhouse workers with menstrual 
disorders had no other reason to participate than cleaners, market stallholders, or retail 
shopkeepers with similar problems. Hence, selection bias seem unlikely. 
Similar results were found for the retrospective data collected by self-administrated 
questionnaires as for the data from daily diaries, which is a contraindication for recall bias. 
Prospectively collected data on menstrual cycle characteristics are more accurate, but may 
involve problems of subject recruitment, compliance, and dropout. In our study, however, 
the response was reasonable, the compliance very well, and the dropout percentage low. 
The BBT-curves may have been influenced by the accuracy and timing of the temperature 
measurements, making it difficult to see a shift in basal body temperature for some women. 
Because we assessed estrogen profile on the basis of five urine samples and progesterone 
level on the basis of one blood sample, misclassification with respect to anovulation could 
have occurred, despite excluding all women for which correct timing was doubtful. 
Data on pesticide use and re-entry activities in greenhouses were obtained for the time 
period January through April 2003, in which smaller amounts of pesticides were used than 
during the summer period (see Chapter 5). Large amounts of pesticides are normally used 
in greenhouses producing flowers and many re-entry tasks require intensive contact with 
plants, which precludes effective use of personal protection. In the analyses, we used job 
title and a crude proxy for re-entry exposure: i.e., the amount of pesticides applied in 
combination with the number of hours worked m the greenhouse. This approach 
undoubtedly resulted m misclassification of pesticide exposure, primarily leading to 
underestimation of effects 
Effects of pesticide exposure on ovarian function 
The mean cycle lengths observed in this study were comparable to those m other studies 
on the menstrual cycle,15242i whereas bleeding duration was slightly longer.30 The 
prevalence of anovulation is highly dependent on age with estimates of 2-7% for women 
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under age 40 and 11-41% among women of 40 years and over.30"32 The percentages of 
anovulation based on the BBT-curves in our study were similar to those found in other 
studies,30,32 whi le the percentages of anovulation based on estrogen profile and proges-
terone level were lower. 
Just a few other studies examined pesticide exposure and menstrual cycle dysfunction in 
human populations.1233 Some studies found associations of serum levels of D D T or a 
metabolite of D D T wi th short cycles,33,34 decreased luteal phase,33 and undefined 'menstrual 
disturbances'.35 A recent retrospective study found that women who used pesticides 
suspected of being hormonally active had a 6 0 - 100% increased odds of experiencing long 
cycles, missed periods, and intermenstrual bleeding compared wi th women who had never 
used pesticides.12 The results of our prospective study concerning long menstrual cycles 
point in the same direction. Unfortunately, we cannot compare the results for bleeding 
duration, because Farr et al. did not examine this outcome measure. T o further elucidate 
the potential effects of pesticide exposure on ovarian function, future research should 
include detailed information on menstrual cycle characteristics, in particular on long cycle 
length and bleeding duration, in a sample size large enough to detect reliable differences. 
Comparison of different measures of ovarian function 
An advantage of this study was that data on menstrual cycle characteristics were collected 
by questionnaires as well as by daily diaries, which basically showed the same results. 
Although the questionnaire data were collected one year before the daily diaries, both 
studies were done in the same time of the year. The results suggest that self-reported data 
f rom a retrospective study provide useful information on menstrual cycle characteristics. 
This is in accordance with Gold et al. who stated that self-reported data on irregular cycles 
could be used when prospective studies are not practical o r feasible.22 
In the l i terature, several indicators for anovulation are suggested, such as long and short 
cycle length, BBT-curves, progesterone level, and estrogens patterns,28 but little agreement 
was observed between these parameters in this study. This may be due to different 
definitions than in other studies, to the low prevalence of anovulation, o r the lack of a gold 
standard, in combination with small numbers. In an attempt to find a method to assess 
anovulation suitable for large-scale field studies, we evaluated two different methods: 
estrogen profi le based on 5 urine samples and progesterone level in one blood sample f rom 
the same cycle. Both methods showed low agreement wi th menstrual cycle characteristics, 
with BBT-curves, and wi th each other. Moreover, both methods were still labor intensive 
and required a good logistic plan, in particular for the progesterone method, in which the 
blood sample needs to be collected at the right t ime in the luteal phase of the menstrual 
cycle. Assessing anovulation on the basis of estrogen level in urine samples of day 2, 7, 12, 
17 and 22 was difficult as well, because it was often not exactly known in which menstrual 
phase the samples were collected, due to large variations in menstrual cycle pattern 
between, but also within women. All in all, we did not succeed in finding a convenient 
method to assess anovulation. In fact, characterizing ovarian dysfunction with precision 
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seems possible only through analyses of daily urinary reproductive hormone levels. 
However, this requires intensive follow-up, the appropriate laboratory assays, and detailed 
statistical analyses, which are all costly and labor intensive but less subject to potential 
biases.16 For future epidemiological studies, it is important to test the feasibility and practical 
use of more convenient methods to examine ovarian dysfunction. 
Although we found low agreement between hormonal parameters and menstrual cycle 
indicators for anovulation, menstrual cycle characteristics may be useful indicators for 
effects on ovarian function. Messing et al. concluded that cycle anomalies may point towards 
occupational effects on female reproduction in the same way that sperm parameters warn 
us of effects on male workers.36 In addition, anovulation is associated with menstrual cycle 
length: short and long cycles are 10 -30 percent more likely to be anovulatory than normal 
cycles and long menstrual periods were more common in anovulatory cycles.26 Others 
suggest that menstrual cycle data may not be sensitive indicators of disturbances in 
hormonal function resulting from occupational exposures.37 Aberrations in ovarian 
physiology, such as short luteal phase, luteal phase insufficiency, or anovulation, cannot be 
accurately detected without daily measurements of reproductive hormones or their 
metabolites during each cycle. Such problems are likely to be missed in analyses focused 
only on data on vaginal bleeding.38 
In conclusion, this study showed increased bleeding duration and a tendency for longer 
cycles and anovulation among female greenhouse workers, but more research is needed to 
further elucidate the potential effects of pesticide exposure on ovarian function. In addition, 
new methods need to be explored to properly examine ovarian dysfunction in 
epidemiological studies. 
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The main objective of this thesis was to identify the occupational hazards with respect to 
fertility due to past and current exposure to pesticides among male and female workers in 
flower greenhouses and to relate the effects found to type of pesticides, working 
conditions, and working methods in order to find leads for prevention. The first part of this 
thesis is based on the results of a retrospective study on male and female greenhouse 
workers exposed to pesticides and a non-exposed reference group of workers. The results 
showed a prolonged time-to-pregnancy among male and possibly among female greenhouse 
workers conceiving their first child and an increased risk of spontaneous abortion among 
female greenhouse workers. The second part of this thesis is based on the results of a 
prospective cohort study on a group of men and women selected from the retrospective 
study. The results did not show a dose-response relation between pesticides exposure and 
sperm quality among men, although the sperm quality was low with regard to motility and 
morphology. In an explorative study among women, we found that female greenhouse 
workers had longer menstrual bleeding durations than referents and possibly higher risks of 
long cycle length and anovulation. Before we attempt to reflect on the specific hypotheses 
of this study in the light of these results, we will first address some strengths and 
weaknesses of the study and review our findings in the context of the literature. Practical 
implications and leads for further research will be addressed in the last part of this chapter. 
Evaluation of study strengths and weaknesses 
Quesü'onno/re study 
Design 
The study had a mixed design with elements of a cross-sectional study combined with 
elements of a retrospective cohort study. The selection of the study population was cross-
sectional in nature as only current workers and their partners were asked to participate. 
Exposure status, however, was determined for the time period preceding the effect, thus 
emulating a retrospective cohort study. An important limitation of most cross-sectional 
studies is that the cause-effect association cannot be elucidated, because determinants and 
outcomes are measured at the same time. Because we asked for determinants in the six 
month period before the start of the most recent pregnancy, the correct time order was 
achieved. 
Comparability of populations 
The choice of the reference group is an important point of discussion. In our study, this 
population consisted of men and women working as professional cleaners, retail 
shopkeepers, and market stallholders. We chose this non-exposed reference group for our 
population of greenhouse workers because of assumed similar population characteristics, 
such as educational level, socioeconomic status, and other working conditions (e.g. standing 
and carrying heavy loads). No evidence was found for diminished fertility in female 
professional cleaners' or shopkeepers and when we removed cleaners from the referent 
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group the results of our study remained the same. Contrary to expectation, greenhouse 
workers and referents in our study population had different distributions of parity, which is 
an important factor in TTP studies that we had to take into account in the analyses. 
Response rate 
In general, the response to the questionnaire was low. The important question is whether 
the non-response was selective and thus influenced our results. Because the study was 
presented as general research on work and lifestyle factors, not putting any emphasis on 
pesticide exposure, greenhouse workers with adverse pregnancy outcomes had no other 
reasons to participate than cleaners, market stallholders, or retail shopkeepers with similar 
problems. This strongly reduces the chances of selection bias. Although our non-response 
studies showed lower mean and median TTPs among male and female non-respondents 
compared to the participants, the selection was similar for greenhouse workers and 
referents. This supports the notion that response bias did not influence our results to a 
large extent. 
First or last pregnancy 
We focused the questionnaire on the most recent pregnancy under the assumption that 
this would lead to the smallest amount of recall bias, not fully aware of the selection bias 
that could be introduced, because of differences in pregnancy planning. Olsen described 
that the main problem in non-experimental research of reproductive failure is that most 
pregnancies are planned and that past pregnancy experience is used in planning.2 
Comparisons between exposed and non-exposed based on the most recent pregnancy, 
which is a mixture of first and higher-order pregnancies, could therefore be biased. 
Adjusting for parity does not lead to comparable groups in terms of similar a priori risks of 
reproductive failure. It would be better to adjust for pregnancy history, which also takes 
into account the desire for a given family size and the results of previous pregnancies. Still 
better would be to restrict the analyses to first pregnancies only. This is the strategy we 
followed for most outcomes at the cost of a considerable loss of power. 
Specific TTP-related biases 
Time-to-pregnancy can be a useful tool in identifying reproduction toxic effects, but it also 
has some disadvantages. As is common in TTP studies, only women who had been pregnant 
were included in this study, leading to exclusion of sterile couples and underestimation of 
the proportion of subfertile women with long TTPs. If an exposure would cause complete 
sterility rather than just reduce the changes of conceiving in each cycle, retrospective TTP 
studies would not detect an adverse effect. This is not the case in our study because the 
proportion of infertile women appeared to be similar among exposed and non-exposed 
women. Another disadvantage of TTP studies is that seven other subtle, but potentially 
important sources of bias could occur and distort the inferences made: behavior 
modification bias; time trend bias; planning bias; wantedness bias; pregnancy recognition 
bias; medical intervention bias; and the reproductively unhealthy worker effect.3 We saw 
the need to investigate four of these sources of bias that could have influenced our results 
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on TTP (see Chapter 3.1) and concluded that the reproductively unhealthy worker effect 
was likely to be present in our data, because many women who had successful pregnancies 
stopped working or reduced their work hours. Analyzing first pregnancies or full time 
workers only eliminated this bias, but lead to small numbers. 
Misclassification of outcome measures 
The retrospective design of the study implies a probability of misclassification on outcome 
measures, on exposure, and on confounder variables. Although time-to-pregnancy is based 
on self reported information, it is regarded as a good measure for the estimation of 
fecundability.4,5 Several validity studies showed that valid data on time-to-pregnancy for 
epidemiologic purposes can be derived retrospectively.6,7 For some other outcomes, such 
as spontaneous abortion and congenital malformations, misclassification may be more 
substantial as, for instance, women may not always recognize early fetal loss and men may 
not always know or remember that their partner miscarried. 
Misclassification of exposure 
In our study, exposure status was asked for by means of job-title and occupation-specific 
questions on tasks performed. The latter were used to distinguish work tasks between 
different groups of workers, such as fulltime versus parttime workers and employees versus 
greenhouse owners. However, in the analyses we mainly used job-titles, because the task-
based questions did not add specific information on pesticide exposure. Still, job title 
provides only a proxy for actual exposure to reproduction toxic pesticides. More specific 
exposure classification appeared to be impossible, because of the large number of different 
pesticides reported which may not all be reproduction toxic. Moreover, not all greenhouse 
workers may actually have been exposed to relevant concentrations of pesticides, especially 
women who performed only a limited number of tasks involving contact with flowers. On 
the other hand, greenhouse workers are usually exposed to pesticides throughout the 
entire year with a period of increased exposure during the summer. Exposure is assumed 
to be relatively high, because they work in a closed environment and perform numerous 
tasks that require fine handwork for which gloves cannot be worn. Job rotation within the 
waiting time to pregnancy is also unlikely because a large part of the population consisted of 
greenhouse owners. All these circumstances contribute to a relatively stable working 
environment with only minor shifts in amounts and types of pesticides used. Therefore, 
misclassification of exposure will not have influenced our results to a large extent. 
Effect measure modification and confounding 
Effect measure modification occurs when the association between exposure and outcome 
differs between subgroups of the population. We checked for the presence of interaction in 
our analyses, and concluded that effect measure modification by gravidity played a role in 
the analyses of TTP and pesticide exposure among male greenhouse workers. We stratified 
these analyses for primi-, duo- and multigravidity (see Chapter 3.2) and observed 
diminished fertility associated with pesticide exposure in primigravidous couples, which is 
also the most valid analyses according to Olsen.2 No effects were observed among men 
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who already had one or more children. Whether this reflects bias or a biological difference 
could not be concluded from our study. With respect to confounders we conclude that all 
major confounders for the relationship between pesticide exposure and TTP mentioned in 
the literature were recognized and controlled for in our data set. Although the possibility of 
unknown confounders or residual confounding due to imperfect measurement of 
confounders cannot be excluded, confounding bias does not seem to be a major weakness 
of this study. 
Accuracy and power 
Before the start of this study, a power calculation was performed. We calculated that 1500 
respondents for each group (men/women and exposed/non-exposed) would be needed to 
obtain reliable answers to the research questions with an alpha of 0.05 and a power of 85 -
90%, depending on the percentage of respondents with one or more pregnancies. We 
recruited approximately 1200 men and 1000 women in each group, but in total, only 1750 
men and 1600 women remained for the data analysis. The final analyses were based on even 
smaller numbers of participants because of analyzing first pregnancies only. This means that 
the power of the study to detect reproduction toxic effects due to pesticide exposure was 
limited and that the effect estimates are not as precise as we would like. 
Exposure assessment study 
DREAM 
Exposure assessment using DREAM was a great strength of the study. Research on health 
effects of pesticides is confronted with a large number of pesticide formulations on the 
market,8 inherently resulting in exposure groups with a heterogeneous chemical 
composition. In addition, pesticides are usually used irregularly, making adequate exposure 
assessment difficult. This is the first study that used a semi-quantitative exposure 
assessment method based on dermal exposure for all pesticides applied.9 Special effort was 
put into assessing pesticide exposure in great detail during an entire year (see Chapter 5), 
but in the analyses, we used only two time-window of three months preceding semen 
sample donation, which allows for detection of effects on early as well as later stages of the 
spermatogenesis. With this exposure assessment method it is also possible to make a 
selection of certain pesticides, for instance insectides or reproduction toxic pesticides only. 
Unfortunately, the sample size of our study was too small to perform sub-analyses for 
known or suspected reproduction toxic pesticides. 
Re-entry activities 
Next to application, mixing, and loading of pesticides, greenhouse workers were exposed 
to pesticides during re-entry activities, which is the main route of exposure for female 
greenhouse workers. However, assessment of exposure due to re-entry is difficult, since 
this is the result of a complex chain of processes ending with the transfer of pesticide 
residue to the worker (see Chapter 5). In our study, we used a proxy for re-entry 
exposure: i.e., the amount of pesticides applied in combination with the number of hours 
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worked in the greenhouse where the pesticide was used. Since we could not take into 
account the specific area treated nor the actual time to re-entry of a specific area, the 
approach undoubtedly resulted in substantial misclassification of re-entry exposure. 
Unfortunately, the exposure assessment for application of pesticides and re-entry activities 
represent disparate features with different levels of uncertainty, so we could not combine 
the DREAM-score and the re-entry score into a single exposure score. For future research, 
it is recommended to try to find a way to combine these two scores in one exposure 
measure. 
Sperm quality and ovarian function study 
Prospective design 
This part of the study was designed as a prospective cohort study, which is considered to 
be the most reliable non-experimental design to study determinants of disease. As 
exposure was measured before the outcome of interest occurred, measurement errors in 
the exposure variable were independent of the outcome. The outcome variables were 
assessed while the investigators were blind for exposure status at baseline. Therefore, 
differential misclassification of the exposure and outcome variables due to information bias 
was prevented. 
Loss to follow-up 
Loss to follow-up is a potential problem of cohort studies which might influence the internal 
validity, in case the loss to follow-up is associated with the exposure or outcome of 
interest. Among the participants in our study, however, the loss to follow-up was very low. 
Consequently, loss to follow-up will not have biased the estimates of fertility among men 
and women in this study. 
Small numbers 
The relatively small number of participants was a weakness of this study. Because this 
limited the power to detect relevant differences, we did not restrict our presentation to 
the main results only. Instead, we discussed the full range of results in the light of a priori 
hypotheses based on biologically plausible mechanisms and studies reported by other 
authors. 
Semen quality / Inhibin Β 
A definite strength of the study was the longitudinal data collection of pesticide exposure 
and semen quality and/or inhibin B. Biological samples were collected twice for all 
participants, so each participant served as his own control in the analyses precluding 
selection bias. However, semen samples are logistically difficult to obtain, the response 
rates are generally low, and the willingness to donate semen samples is higher among 
subfertile men.1 0" In addition, semen analysis is subject to large inter- and intra-individual 
variation in semen quality parameters. Therefore, we also evaluated serum inhibin Β level, 
as a marker for spermatogenesis, among a larger group of men exposed to pesticides and 
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an unexposed control group. According to Pierik et al.,'2 serum inhibin Β is a valuable 
marker for the quality of spermatogenesis in both clinical and epidemiological research, but 
this idea was not confirmed in our study (see Chapter 6.2). This is a disappointing result, 
because collection of blood samples is relatively easy and response rates are higher than in 
collection of semen samples. 
Ovarian function 
Because little was known about the effects of pesticide exposure on the ovarian function, 
we conducted an explorative study in which we tested the applicability of different 
indicators for ovarian function next to daily diaries and temperature curves. Unfortunately, 
due to the small sample size of the study and the lack of a gold standard for anovulation, we 
were not able to find a good proxy for anovulation to be used in future epidemiological 
research on ovarian function (see Chapter 7). From this study, we learned that to map the 
menstrual cycle adequately for this purpose is difficult and labor intensive and requires a 
good logistic plan. A strength of our study was that data on menstrual cycle characteristics 
were collected by retrospective questionnaires as well as by daily diaries, which allowed 
comparison of these two methods. 
Evaluation of study results 
Time-to-pregnoncy among greenhouse workers 
Before the start of this study, other epidemiological studies examined the role of pesticide 
exposure in reducing fecundability among men and women with mixed results (see 
Chapters 3.1 and 3.2). This may be due to differences in the type of pregnancy studied: the 
most recent pregnancy or the youngest child, the first pregnancy, or all pregnancies of one 
woman. However, it is methodologically better to base the analyses on first pregnancies 
only to avoid pregnancy planning issues and the reproductively unhealthy worker effect. 
Restricting our evaluation to studies that based their analyses or a sub-analysis on the first 
pregnancy only, the majority of these studies report an association between pesticide 
exposure and time-to-pregnancy.13"" This effect is demonstrated for female as well as for 
male greenhouse workers. In our study, we found a small increase in time-to-pregnancy 
among primigravidous female greenhouse workers, but the confidence intervals were wide 
due to small numbers (see Chapter 3.1). The time-to-pregnancy among male greenhouse 
workers was clearly increased when the analysis was restricted to first pregnancies only 
(see Chapter 3.2), which is reflected by a fecundability ratio of 0.67 after correction for 
confounders. This means that the probability of achieving conception in a particular 
menstrual cycle was reduced by 33% for couples in which the man was exposed to 
pesticides. For exposed women the reduction seems to be much smaller (10%). Prolonged 
TTP indicates reproductive loss at any of several different stages, from gametogenesis to 
early survival of the conceptus. Pesticides may disrupt the hormonal balance and cause any 
of these effects, including spontaneous abortion. In Chapter 4, we confirm this by our 
finding of an increased risk of spontaneous abortion among women exposed to pesticides. 
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A number of other studies also report a higher risk of spontaneous abortion in women 
occupationally exposed to pesticides.1721 Based on the findings in our study and in other 
studies on the first pregnancy only, it seemed likely that pesticide exposure induces 
prolonged time-to-pregnancy among male and possibly among female greenhouse workers 
and spontaneous abortion among female greenhouse workers. Although results are rather 
consistent, more data are needed to obtain precise estimates of this effect in relevant 
subgroups of exposure. These further studies should focus on men and women planning a 
first pregnancy. 
Sperm quality among greenhouse workers 
Several decades ago, detrimental effects on male fertility were already demonstrated for 
some pesticides (e.g. DBCP and ethylene dibromide) in animal and human studies, which 
attributed to their prohibition in professional agriculture.2223 Over the years, many other 
pesticides have been found to be reproduction toxic m animal studies, but for most 
pesticides currently m use no information is available about their adverse effects on human 
reproduction. Results from more recent epidemiological studies on the relation between 
pesticide exposure and semen quality are inconsistent. Some of these studies found an 
association between pesticide exposure and semen parameters,24 27 while others did not.28 32 
This may partly be explained by divergence m study design (from cross-sectional to 
longitudinal) and in the quality of the semen analysis and the exposure assessment, partly by 
the heterogeneity of the pesticides used. In our study, no dose-response relation was found 
between pesticide exposure and sperm concentration (see Chapter 6.1 ). This result was 
confirmed m Chapter 6.2, where we did not find an association between pesticide exposure 
and serum mhibm Β level Inhibm Β is secreted by Sertoli cells in response to FSH and is 
highly correlated with sperm concentration Most other well-conducted studies did not find 
a relation either, which indicates that current levels of pesticide exposure in general do not 
form a major risk factor for low sperm concentration. In constrast, we found low semen 
quality concerning morphology and motility among greenhouse workers. An association 
between pesticide exposure and morphology and motility was found before in only two 
studies.2428 Because the sample size was small, we lacked a proper control group, and we 
did not find an overall dose-response relation between pesticide exposure and semen 
parameters, the results of our study need careful consideration. More studies are needed, 
before we can exclude an effect of exposure to pesticides currently in use on sperm quality. 
Ovarian function among greenhouse workers 
At the start of the study, little was known about the effects of working in greenhouses on 
ovarian function. In a case-referent study comparing fertile and infertile women in the 
USA,333'' associations were observed between female infertility and agricultural occupations 
and pesticides exposure. Pesticide exposure in particular was associated with ovulatory 
dysfunction in this study. A few other studies reported associations between DDT, or a 
metabolite of DDT, and short menstrual cycles and undefined menstrual disturbances.35 37 
Based on these findings and experimental animal studies, we hypothesized that disturbances 
in ovarian function could occur among female greenhouse workers. In 2005, Farr et al. 
177 
reported that women who used pesticides suspected of being hormonally active had 
increased odds of experiencing long cycles, missed periods, and intermenstrual bleeding 
compared with women who had never used pesticides38 Our results confirm these findings 
to the extent that pesticides seem to be able to disturb the menstrual cycle (see Chapter 
7) We found that mean menstrual bleeding duration was prolonged by half a day (10%) 
among women exposed to pesticides and that the risk of long bleeding duration (> 7 days) 
was doubled among greenhouse workers compared to the referent group According to 
our data, this risk estimate corresponds with a risk of long bleeding duration of 
approximately 27% and 12% among greenhouse workers and referents, respectively The 
data also point m the direction of long cycle lengths and increased risks of anovulation 
among greenhouse workers, but the small numbers preclude firm conclusions Still, these 
findings indicate hormonal disturbances due to pesticide exposure, although we were 
unable to corroborate this with our limited measurements of estrogen and progesterone 
More research is needed to replicate or refute our findings in larger studies in order to 
draw definite conclusions about causal relations between pesticide exposure and 
disturbances in the ovarian function 
Conclusions 
The evidence with respect to the study hypotheses found in this study and in previous 
studies is summarized below 
Hypothesis / 
Male and female workers in flower greenhouses who have worked in this sector for at least five 
years and have had a history of reproduction (attempts) show longer times-to^regnancy and lower 
offspring sex-ratios than a comparable reference population without occupational exposure to 
pesticides 
• male greenhouse workers exposed to pesticides have an increased risk of 
prolonged time-to-pregnancy 
• female greenhouse workers exposed to pesticides may have an increased risk of 
prolonged time-to-pregnancy 
• female greenhouse workers have an increased risk of spontaneous abortion, an 
effect that may at least partly be explained by the same mechanisms as the ones 
explaining prolonged time-to-pregnancy 
• a decreased offspring sex-ratio cannot be demonstrated for male and female 
greenhouse workers 
Hypothesis 2 
Sperm quality (total count, concentration, motility, and morphology) of male flower greenhouse 
workers with exposure to pesticides will decrease during a period of pesticide application and 
intensive contact with plants in sprayed areas 
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• no dose-response relations between current pesticide exposure and total sperm 
count and sperm concentration can be demonstrated 
• sperm morphology and sperm motility may be decreased among greenhouse 
workers, but these findings need careful further evaluation. 
Hypothesis 3: 
Ovarian function (menstrual cycle characteristics I reproductive hormones) of female flower 
greenhouse workers exposed to pesticides will change during a period of pesticide application and 
intensive contact with plants in sprayed areas. 
• female greenhouse workers may be at risk for prolonged menstrual bleeding 
duration 
• female greenhouse workers may potentially be at risk for prolonged cycle length 
and anovulation, but these findings need careful further evaluation. 
Practical implications 
The main objective of this thesis was to identify occupational hazards with respect to 
fertility among male and female workers in flower greenhouses in order to find leads for 
prevention. We found that greenhouse workers may have a prolonged time-to-pregnancy 
and attempted to find leads for prevention related to type of pesticides, working conditions, 
and working methods. In explorative models, time-to-pregnancy was explained from a 
number of work variables among both male and female floriculture workers. We observed 
that cultivating alstroemerias and/or amaryllises was related to reduced fecundability among 
men. Cultivating these flowers entails the use of large amounts of granules with a high dose 
of active components against snails and large amounts of fungicides at the same time. 
Greenhouse workers in these cultures should be very attentive when using these pesticides. 
Thereby, the use of gloves is highly recommended, since the granules are often sprinkled 
out of hand. For women, gathering flowers may result in a longer time-to-pregnancy, but 
glove use is often impractical for this task which involves intensive contact with plants. 
Therefore, great care should be taken in scheduling pesticide application in relation to re-
entry work done by women of reproductive age. Another risk factor for prolonged time-
to-pregnancy among female greenhouse workers was the number of work hours. We 
recommend a reduction in work hours when these women are trying to conceive, 
especially if they work fulltime or more. In addition, the lack of knowledge and awareness 
about potential risks of pesticide exposure should be dealt with through better education 
and training of greenhouse workers. Easily accessible information is needed about the 
effects of pesticide exposure on human reproduction, about the use of suitable working 
clothes and personal protective equipment during mixing and loading and application, and 
about the hazards of re-entry work to limit exposure to pesticides. One of the 
recommended measures is the use of gloves, which may prevent absorption of potentially 
reproduction toxic substances through the skin. For pesticide sprayers, adequate 
instruction is needed on how to handle the different application techniques to reduce 
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exposure for themselves and for other workers in the company If at all possible, companies 
should consider to completely or partially replace chemical pesticides by biological methods 
to guard products against insects, weeds, animals, and vectors of diseases. National and 
international policies directed at limitation of pesticide application are of utmost 
importance. Both regulations and financial incentives to use methods that are less 
hazardous to reproduction could be put to use for this purpose. International certification 
for horticulture companies regarding their environmental performance is an important tool 
in this policy as well. Certified companies have to record the use of pesticides, fertilisers, 
energy, and waste m order to reduce their environmental impact and to improve and/or 
maintain the image of the industry. New pesticides are already tested for reproductive 
toxicity before they are admitted to the market. However, pesticides currently in use 
should also be tested for the probability of being an endocrine disruptor by means of 
specific screenings programmes for chemicals suspected of endocrine disrupting properties. 
Leads for further research 
Our study provides several directions for further research, both on outcome measures and 
exposure. One of our mam outcomes was prolonged time-to-pregnancy among greenhouse 
workers. However, TTP is only a measure for fecundability and encompasses all processes 
from gametogenesis to early survival of the conceptus. At this moment, it is unknown which 
of these processes are primarily affected by exposure to pesticides. In the literature, we 
found numerous mechanisms that may disturb male and/or female reproductive function, 
potentially leading to decreased fertility, but no distinct hypothesis could be formulated 
about the underlying cause of prolonged time-to-pregnancy. In our own study, we found 
some indications for poor sperm morphology and motility and disturbed ovarian function, 
pointing towards effects on processes early in the TTP spectrum. In contrast, the increased 
risk of spontaneous abortion could indicate an effect at the other end of the spectrum. 
New studies should focus on elucidating which processes underlying TTP are affected by 
pesticide exposure to better direct preventive measures. A longitudinal study among 
greenhouse workers who are extensively monitored during the entire waiting time to 
pregnancy and beyond may fit this research profile. Concerning exposure, we were not able 
to unravel which pesticides or groups of pesticides were responsible for the effects found in 
our study as we evaluated exposure to all pesticides simultaneously, whereas pesticides are 
a heterogeneous group of substances with different properties. Additional toxicological 
experiments are warranted to gain insight in the causal effects of specific pesticides on 
human reproduction and the pathophysiological mechanisms involved. In addition, selections 
of known and suspected reproduction toxic or endocrine disrupting pesticides should be 
used as exposure parameters in large epidemiological studies, to reduce misclassification on 
exposure and increase the changes of identifying meaningful associations between specific 
groups of pesticides and prolonged time-to-pregnancy or other reproductive effects. 
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As this was the first epidemiological study that conducted a semi-quantitative method of 
exposure assessment for pesticides, some improvements in exposure assessment are 
recommended. One improvement would be to device one measure for exposure during 
mixing, loading, and application of pesticides and re-entry activities, by expanding the 
DREAM method to also include re-entry. In addition, the DREAM method needs to be 
validated for exposure to pesticides. Van Wendel de Joode et al. already validated the 
DREAM method for several industries and concluded that it could be successfully applied 
for semi-quantitative dermal exposure assessment in epidemiological studies on groups of 
workers with considerable contrast in dermal exposure levels.39"41 For a validation study on 
pesticide exposure, quantitative information is needed about actual exposure on the basis 
of urine and/or blood samples in addition to detailed information on pesticide use. 
The first phase of the study described in this thesis concerned a retrospective study on 
time-to-pregnancy. This design was limited by selection bias and potential recall bias, and 
adequate assessment of pesticide exposure was not possible. In future research, it is 
recommended to conduct a prospective study among first pregnancy planners based on a 
modified design of the first pregnancy planners study in Denmark.42 A population of men 
and women with and without pesticide exposure could be selected from members of trade 
unions or trade associations in the age group of 18 to 40 years. All members receive a 
short questionnaire on their reproductive history to rule out possible biases that may occur 
in time-to-pregnancy studies. Next, a selection is made of members who live with a partner, 
have no reproductive history, and intend to stop contraception in the near future in order 
to have a child. They will be followed until a pregnancy is diagnosed by a general 
practitioner or through pregnancy. An advantage of this prospective design is that recall bias 
will not be present and a large part of the specific biases in time-to-pregnancy studies will 
be ruled out. This design also provides the possibility to collect detailed information on 
semen quality and ovarian function. The willingness to donate semen samples will be higher 
among this group than among an average group of men. In addition, blood and/or urine 
samples may be collected to measure hormone levels of LH, FSH, inhibine Β, and 
testosterone to gain insight into causal effects of specific pesticides on reproduction. Each 
woman in the study should keep a daily diary in which she records vaginal bleeding, basal 
body temperature, and sexual intercourse and donate blood and daily urine samples to 
measure hormone levels and profiles and to recognize a possible pregnancy. Exposure 
assessment for pesticides can be performed by means of the DREAM-method and because 
urine samples are already collected, it would be possible to validate this method with 
biological monitoring of pesticides. The blood and/or urine samples may also be used to 
determine the total hormonal activity as a measure of internal exposure to endocrine 
disrupting substances by means of the Chemical Activated Luciferase gene expression 
(CALUX®) method.43,44 This new method combined with the validated and expanded 
DREAM method would provide high-quality assessment of pesticide exposure. 
Prospectively collected, unbiased outcome measures in the proposed study would further 
guarantee that firm conclusions can be drawn about the adverse effects of pesticide 
exposure on human reproduction. 
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Subfertility, defined as the inability to conceive within 12 months of regular, unprotected 
sexual intercourse, is a prevalent disorder and affects 10 - 15% of all couples in the 
Western world. Observations point towards a decline in sperm concentration and sperm 
quality, hormonal disturbances, altered sex ratio, and prolonged time-to-pregnancy, which 
may be associated with exposure to environmental endocrine disruptors. Many pesticides, 
mostly used in occupational settings, are thought to have endocrine disrupting properties 
suspected of being hazardous for human reproduction. Of all agricultural workers, men and 
women working in flower greenhouses probably experience the largest hazards, due to the 
nature and the amounts of pesticides used, the time spent indoors, the lack of ventilation, 
and the type of work which involves a high frequency of handling plants and flowers without 
gloves. Therefore, a large study was conducted on fertility among greenhouse workers with 
the aim to identify the occupational hazards with respect to fertility due to past and current 
exposure to pesticides among male and female workers in flower greenhouses and to relate 
the effects found to type of pesticides, working conditions, and working methods in order 
to find leads for prevention. 
Port / Literature review 
In Part I , two detailed reviews of the literature regarding pesticide exposure and effects 
on the hormonal function of the female reproductive system (Chapter 2.1) and on male 
fertility (Chapter 2.2) are described. These reviews show that pesticides comprise a large 
number of distinct substances with dissimilar structures and diverse toxicity Some of these 
pesticides may interfere with the hormonal function, potentially causing negative effects on 
the reproductive system through disruption of the hormonal balance Disruption may occur 
in all stages of hormonal regulation through different mechanisms hormone synthesis; 
hormone release and storage, hormone transport and clearance; hormone receptor 
recognition and binding; hormone post-receptor activation; the thyroid function; and the 
central nervous system. The literature on experimental studies m vivo and in vitro, as well as 
epidemiological studies, point m the direction of pesticides affecting fertility in men and 
women through disruption of hormonal balance. In women, exposure to pesticides is 
associated with menstrual cycle disturbances, reduced fertility, prolonged time-to-
pregnancy (TTP), spontaneous abortion, stillbirths, and developmental defects Detrimental 
effects on sperm quality were observed in men exposed to formerly used pesticides 
However, results of recent studies are inconsistent regarding potential associations 
between currently used pesticides and semen quality and prolonged time-to-pregnancy 
Port 2 Questionnaire study 
In Part 2, the results are described of a retrospective study on fertility among male and 
female workers The study population consisted of greenhouse workers and a non-exposed 
reference group of cleaners, shopkeepers and shop workers, and market stallholders. The 
data were collected through self-administrated questionnaires with detailed questions on 
time-to-pregnancy (TTP) and other reproductive disorders of the most recent pregnancy, 
lifestyle habits, and occupational exposures in the six months period prior to conception. 
The questionnaire data were primarily used to analyse the adverse effects of long-term 
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pesticide exposure on fertility, characterized by time-to-pregnancy. In Chapter 3.1, the 
association between pesticide exposure and TTP among female workers is described. The 
initial analyses showed no increased risks for female greenhouse workers. In studies on 
TTP, however, several sources of bias (sterility bias; medical intervention bias; behavior 
modification bias; time trend bias; planning bias; pregnancy recognition bias; wantedness 
bias; and the reproductively unhealthy worker effect) may be present. In this study, five of 
these biases were investigated and the reproductively unhealthy worker effect proved to 
actually bias the results. Therefore, the final analyses were based on fulltime workers or 
first pregnancies only. These female greenhouse workers had a slightly decreased 
fecundability ratio compared to the referents, although the confidence intervals were wide 
due to small numbers. In addition, an association was observed between prolonged TTP and 
gathering flowers. Chapter 3.2 describes the results of TTP among male workers. After 
stratification for gravidity, time-to-pregnancy was increased among male greenhouse 
workers trying to conceive their first pregnancy. This is also the most valid analysis, in 
which pregnancy planning issues that may bias the results for all most recent pregnancies 
are avoided. In this study, TTP was also explained from a number of work variables among 
male floriculture workers in an explorative model. Cultivating alstroemerias and amaryllises 
seemed to be related to reduced fertility, which may be explained by the use of specific 
pesticides in high doses. In Chapter 4, the results for other reproductive disorders are 
evaluated for greenhouse workers compared to the reference group. In this study, the 
analyses were also restricted to primigravidous couples just as in the studies on TTP. An 
increased risk was seen for spontaneous abortion among female greenhouse workers. This 
effect may at least partly be explained by the same mechanisms as the ones explaining 
prolonged TTP. 
Port 3: Exposure assessment study 
Based on the questionnaire data, a selection was made of greenhouse workers exposed to 
pesticides and an unexposed group of referents to be included in step two of the study, in 
which the adverse effects of short-time pesticide exposure on fertility in men and women 
were investigated. Chapter 5 describes a semi-quantitative exposure assessment study 
that was conducted to evaluate exposure to pesticides for the participating male 
greenhouse workers. Detailed information on pesticide use among greenhouse workers 
was obtained on a monthly basis through self-administered questionnaires and subsequent 
workplace surveys. Dermal exposure rankings were developed using task evaluations 
performed with the observational method DREAM (Dermal Exposure Assessment 
Method), as the dermal route is generally the most important route of entry for 
occupational pesticide exposure. The results showed large variations in chemical 
composition and intensity of exposure between greenhouse workers. In addition, 
fluctuations of exposure profiles throughout the year were substantial. Therefore, it is 
important to conduct a proper exposure assessment in epidemiological studies, which takes 
into account the pesticides exposed to, the intensity, and the relevant time-window of 
exposure. The results described in Chapter 5 were used to analyze our data on sperm 
quality among greenhouse workers. 
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Summary 
Port 4: Sperm quality and ovarian function study 
In Part 4, the adverse effects of current pesticide exposure among men and women were 
evaluated. For men, the association between semen parameters and dermal exposure to 
pesticides was studied in 35 greenhouse workers in a dose-response fashion (Chapter 
6.1). Because semen samples are difficult to obtain, we also measured serum inhibin Β 
concentration as a marker for the spermatogenesis among 79 greenhouse workers and 67 
referents not exposed to pesticides. The results of this study are presented in Chapter 
6.2. In these two studies, special effort was done to assess the exposure to pesticides (see 
Chapter 5). Two scores, which reflected exposure during mixing, loading, and application of 
pesticides (MLA), and one re-entry score were calculated to assess exposure. In general, 
the MLA-scores and the re-entry score were higher during the summer period than during 
the winter period. Total sperm count, sperm concentration, and inhibin Β concentration 
were not associated with pesticide exposure. However, low semen quality concerning 
morphology and motility among greenhouse workers was observed, but no dose-response 
relation with pesticide exposure. Because of the small sample size and the lack of a proper 
control group, we need to be careful in making inferences about these observations. In 
Chapter 7, the results are presented of an explorative study on the effects of occupational 
pesticide exposure on ovarian function. The ovarian function was assessed by menstrual 
cycle diaries and basal body temperature in three menstrual cycles among 51 greenhouse 
workers and 35 referents. In addition, levels of 17ß-estradiol in urine and serum 
progesterone were measured on specific days in the third cycle. This study showed 
increased risks of longer bleeding duration and possibly of longer cycle length and 
anovulation among female greenhouse workers, but the confidence intervals were wide due 
to the small sample size. More research is needed to further elucidate the potential effects 
of pesticide exposure on ovarian function. In this study, we also evaluated the applicability 
of different indicators for ovarian function, such as hormone levels (a partial urinary 
estrogen profile and serum progesterone level), daily basal body temperature, and long and 
short menstrual cycle length. Unfortunately, we did not succeed in finding a convenient 
method to assess anovulation that can be used in future epidemiological research. 
In the general discussion in Chapter 8, we consider several study strengths (i.e. the design 
of the study and the exposure assessment of pesticides using the DREAM-method) and 
weaknesses (i.e. first or last pregnancy and the small study population). In addition, we 
evaluate our findings in the light of existing literature and reflect on the research hypothesis 
mentioned in the introduction. Based on the findings of this study and previous studies on 
pesticides and fertility, it seemed likely that pesticide exposure induces prolonged TTP 
among male and possibly among female greenhouse workers and spontaneous abortions 
among female greenhouse workers. Sperm quality concerning morphology and motility may 
be decreased among male greenhouse workers and female greenhouse workers may be at 
risk for prolonged menstrual bleeding, prolonged cycle length and anovulation, but these 
finding need careful further evaluation. Finally, we discuss several practical implications of 
our study and give some suggestions for further research, because knowledge is still lacking 
about the specific pesticides that may be responsible for prolonged TTP and the processes 
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in the TTP spectrum that may be affected. It is recommended to conduct a prospective 




Subfertiliteit, gedefinieerd als het uitblijven van een zwangerschap gedurende meer dan 12 
maanden van onbeschermde, op bevruchting gerichte gemeenschap, is een veel voor-
komende stoornis waar 10-15 % van de koppels in de westerse wereld mee te maken krijgt. 
Er zijn aanwijzingen voor een afname in spermaconcentratie en spermakwaliteit, hormonale 
verstoringen, een veranderde geslachtsratio en verlengde tijd tot zwangerschap, die 
geassocieerd kunnen worden met blootstelling aan hormoonverstorende stoffen in het 
milieu. Verscheidene pesticiden, die veelal worden gebruikt in arbeidssituaties, worden 
verdacht van hormoonverstorende eigenschappen die schadelijk kunnen zijn voor de 
humane reproductie. Van alle mensen die werkzaam zijn in de agrarische sector, 
ondervinden mannen en vrouwen die werken in de bloementeelt onder glas waarschijnlijk 
de grootste risico's, vanwege de aard en hoeveelheid van de gebruikte bestrijdingsmiddelen, 
het werken in een gesloten ruimte, het gebrek aan ventilatie en het uitvoeren van veel fijn 
handwerk waarbij het dragen van handschoenen onmogelijk is. Daarom hebben we een 
groot onderzoek opgezet naar vruchtbaarheid bij mannen en vrouwen in de bloementeelt 
onder glas met als doel het identificeren van beroepsmatige risico's met betrekking tot 
fertiliteit als gevolg van pesticidenblootstelling in het heden en verleden bij mannen en 
vrouwen die in bloemenkassen werken en het relateren van de eventueel gevonden effecten 
aan soort pesticide, werkomstandigheden en werkmethoden om aangrijpingspunten te 
vinden voor preventie. 
Dee/ / : L/teratuuroverz/cfit 
In Deel I zijn twee gedetailleerde literatuuroverzichten beschreven over blootstelling aan 
pesticiden en effecten op de hormonale functie van het vrouwelijke reproductiesysteem 
(Hoofdstuk 2.1 ) en op de mannelijke fertiliteit (Hoofdstuk 2.2). Deze overzichten laten 
zien dat pesticiden een grote verscheidenheid aan stoffen omvatten met ongelijke 
structuurformules en verschillende toxiciteit. Een aantal pesticiden kan interfereren met de 
hormonale functie en daarbij mogelijk negatieve effecten veroorzaken op het 
reproductiesysteem door verstoring van de hormoonbalans. Deze verstoring kan bij alle 
hormonale regulatieprocessen optreden: hormoonsynthese; hormoonafgifte en -opslag; 
hormoontransport en -klaring; hormoonreceptor-herkenning en -binding; post-receptor 
hormoonactivatie; de schildklierfunctie; en de functie van het centraal zenuwstelsel. De 
literatuur over experimentele (in vivo en m vitro) èn epidemiologische studies wijst in de 
richting van effecten van pesticiden op de fertiliteit bij mannen en vrouwen door verstoring 
van de hormoonbalans. Bij vrouwen is blootstelling aan pesticiden geassocieerd met 
menstruatiestoornissen, verminderde vruchtbaarheid, verlengde tijd-tot-zwangerschap 
(TTP), spontane abortus, doodgeboorte en aangeboren afwijkingen. Schadelijke effecten op 
de spermakwaliteit zijn geobserveerd bij mannen die blootgesteld waren aan pesticiden die 
tegenwoordig niet meer worden gebruikt. De resultaten van recentere studies zijn 
inconsistent over eventuele associaties tussen huidige blootstelling aan pesticiden en 
spermakwaliteit en verlengde tijd-tot-zwangerschap. 
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Dee/ 2: Vragenlijstonderzoek 
In Deel 2 zijn de resultaten van de retrospectieve studie naar fertiliteit beschreven. De 
onderzoekspopulatie bestond uit mannen en vrouwen werkzaam m de glastuinbouw en een 
met-blootgestelde referentiegroep bestaande uit schoonmakers, winkeliers, 
winkelpersoneel en marktkoopmannen en -vrouwen. De gegevens zijn verzameld door 
middel van schriftelijke vragenlijsten met gedetailleerde vragen over tijd-tot-zwangerschap 
en andere reproductiestoornissen van de meest recente zwangerschap, leefstijlfactoren en 
beroepsmatige blootstellingen in de zes maanden voor het begin van de zwangerschap. 
Deze vragenlijstgegevens zijn met name gebruikt om de nadelige lange-termijn effecten van 
pesticidenblootstellmg op de fertihteit, gekarakteriseerd door tijd-tot-zwangerschap (TTP), 
te analyseren. In Hoofdstuk 3.1 is de associatie tussen blootstelling aan pesticiden en TTP 
bij vrouwen beschreven. In eerste instantie lieten de analyses geen verhoogd risico zien 
voor vrouwen die in bloemenkassen werken. Studies naar TTP kunnen echter gevoelig zijn 
voor verschillende soorten vertekening (infertiliteits bias, medische interventie bias, 
gedragsverandermgs bias, tijdstrend bias, planning bias, zwangerschapsherkennmgs bias, 
zwangerschapswens bias en het 'reproductively unhealthy worker effect'), waarvan WIJ er 
vijf hebben onderzocht. In onze data bleek het 'reproductively unhealthy worker effect' 
inderdaad de resultaten te vertekenen. De uiteindelijke analyses zijn daarom gebaseerd op 
vrouwen die fulltime werkten en op vrouwen die voor de eerste keer zwanger werden. De 
vrouwen die werkten in de bloementeelt onder glas hadden een enigszins verlaagde 
fecundabihteitsratio m vergelijking met de referentiegroep, ook al waren de 
betrouwbaarheidsintervallen breed vanwege de kleine aantallen. Tevens zagen we een 
associatie tussen verlengde tijd-tot-zwangerschap en het oogsten van bloemen. In 
Hoofdstuk 3.2 zijn de resultaten aangaande TTP bij mannen beschreven. Na stratificatie 
voor graviditeit was de tijd-tot-zwangerschap verlengd bij mannen werkzaam in de 
glastuinbouw die voor de eerste keer met hun partner probeerden zwanger te worden. 
Deze analyse is ook het meest valide, aangezien zwangerschapsplannmgs kwesties, die de 
resultaten van de analyse van alle meest recente zwangerschappen kunnen vertekenen, 
vermeden worden. In deze studie is ook getracht de TTP bij mannen werkzaam m de 
bloementeelt te verklaren uit een aantal werkvanabelen m een exploratief model. Het 
kweken van alstroemeria's en amarylhssen leek gerelateerd te zijn aan een verminderde 
vruchtbaarheid. Een verklaring hiervoor zou kunnen zijn dat in deze gewassen specifieke 
pesticiden worden gebruikt in grote hoeveelheden. In Hoofdstuk 4 zijn de resultaten 
geëvalueerd voor andere reproductiestoornissen bij mensen m de glastuinbouw vergeleken 
met de referentiegroep. Net als bij de TTP-studies zijn de analyses beperkt tot de koppels 
die voor de eerste keer zwanger werden. Er is een verhoogd risico gevonden voor 
spontane abortus bij vrouwen werkzaam in de bloementeelt. Dit effect kan voor een deel 
verklaard worden door dezelfde mechanismen die ook een rol spelen bij verlengde tijd-tot-
zwangerschap. 
Deel 3: Onderzoek naar blootstellmgskarakterisermg 
Met behulp van gegevens uit de vragenlijst is een selectie gemaakt van mannen en vrouwen 
die werkten in de bloementeelt en blootgesteld waren aan pesticiden en een met-
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blootgestelde referentiegroep voor de tweede fase van het onderzoek In deze fase werden 
de nadelige korte-termijn effecten van blootstelling aan pesticiden op de vruchtbaarheid 
onderzocht. Hoofdstuk 5 beschrijft een onderzoek waarin een semi-kwantitatieve 
methode is toegepast voor het schatten van de blootstelling aan pesticiden bij de 
deelnemende mannen die m bloemenkassen werkten. Door middel van maandelijkse 
schriftelijke vragenlijsten en een daarop volgend werkplekonderzoek is gedetailleerde 
informatie over het pesticidengebruik verkregen Omdat de dermale opnameroute over het 
algemeen de belangrijkste is bij beroepsmatige blootstelling aan pesticiden, is de dermale 
blootstelling vervolgens gerangschikt door taakevaluaties uit te voeren met behulp van de 
observationale methode DREAM (Dermal Exposure Assessment Method). De resultaten 
laten grote variaties zien tussen de mannen in de bloementeelt wat betreft de chemische 
samenstelling van de pesticiden en de intensiteit van de blootstelling Bovendien waren de 
fluctuaties m de blootstellmgsprofielen door het jaar heen aanzienlijk. Daarom is het van 
belang om in epidemiologische studies een goede blootstellmgskaraktensering uit te voeren, 
waarbij rekening gehouden wordt met de soorten pesticiden waaraan men wordt 
blootgesteld, de intensiteit van de blootstelling en de relevante tijdperiode waarin 
blootstelling plaatsvindt. De resultaten die in Hoofdstuk 5 beschreven zijn, zijn gebruikt 
om de data over spermakwaliteit bij mannen in de bloementeelt te analyseren. 
Dee/ 4 Onderzoek naar spermakwaliteit en ovariele functie 
In Deel 4 zijn de nadelige effecten van huidige blootstelling aan pesticiden bij mannen en 
vrouwen geëvalueerd. De associatie tussen sperma parameters en dermale blootstelling aan 
pesticiden is bestudeerd bij 35 mannen werkzaam m de bloementeelt uitgaande van een 
dosis-repons model (Hoofdstuk 6.1) Omdat spermamonsters moeilijk te verkrijgen zijn, 
hebben we ook de mhibine Β concentratie in het bloed bepaald als maat voor de 
Spermatogenese bij 79 mannen werkzaam in de bloementeelt en 67 referentiemannen die 
niet waren blootgesteld aan pesticiden. De resultaten van deze studie staan beschreven in 
Hoofdstuk 6.2. In deze twee studies is veel moeite gedaan om de blootstelling aan 
pesticiden te schatten (zie hoofdstuk 5). Er zijn twee scores berekend om de blootstelling 
te schatten tijdens het mixen, afvullen en toepassen van pesticiden (MLA) en een score 
voor de blootstelling door activiteiten m het gewas na behandeling met pesticiden (re­
entry). Over het algemeen waren de twee MLA-scores en de re-entry score in de zomer 
hoger dan in de winter Het totale aantal spermacellen, de spermaconcentratie en de 
mhibine Β concentratie waren met geassocieerd met blootstelling aan pesticiden. BIJ mannen 
werkzaam m de bloementeelt werd echter wel een lage spermakwaliteit gezien wat betreft 
de morfologie en de beweegbaarheid van de zaadcellen, maar geen dosis-respons relatie 
met de blootstelling aan pesticiden Vanwege de kleine aantallen en het ontbreken van een 
passende controlegroep moeten we voorzichtig zijn met het trekken van conclusies uit 
deze waarnemingen In Hoofdstuk 7 zijn de resultaten van een exploratieve studie naar de 
effecten van beroepsmatige blootstelling aan pesticiden op de ovariele functie 
gepresenteerd. De ovariele functie is bepaald met behulp van gegevens uit 
menstruatiedagboekjes en de basale lichaamstemperatuur gemeten in drie menstruatiecycli 
bij 51 vrouwen werkzaam in de bloementeelt en 35 referentievrouwen. Tevens zijn op 
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specifieke dagen in de derde cyclus 17ß-estradiol concentraties in urine en progesteron in 
bloed gemeten. Deze studie liet een verhoogd risico op een verlengde menstruatieduur 
zien en mogelijk verhoogde risico's op een langere cycluslengte en anovulatie bij vrouwen in 
de bloementeelt, maar door de kleine onderzoekspopulatie waren de betrouwbaarheids-
intervallen breed. Er is meer onderzoek nodig om de potentiële effecten van 
pesticidenblootstelling op de ovariële functie te verduidelijken. In deze studie hebben we 
ook de toepasbaarheid van verschillende indicatoren voor de ovariële functie geëvalueerd, 
zoals hormoonconcentraties (een gedeeltelijk estradiolprofiel in urine en de 
progesteronconcentratie in bloed), de dagelijkse basale lichaamtemperatuur en een lange en 
korte cycluslengte. We zijn er jammergenoeg niet in geslaagd om een geschikte methode te 
vinden voor het vaststellen van anovulatie, die gebruikt kan worden in toekomstig 
epidemiologisch onderzoek. 
In de algemene discussie (Hoofdstuk 8) laten we de sterke punten (het onderzoeks-
ontwerp en de blootstellingsschatting van pesticiden met behulp van DREAM) en de zwakke 
punten van het onderzoek (de eerste of laatste zwangerschap en de kleine 
onderzoekspopulatie) de revue passeren. Bovendien evalueren we onze bevindingen in het 
licht van de bestaande literatuur en reflecteren we op de onderzoeksvragen die genoemd 
zijn in de inleiding. Gebaseerd op de bevindingen in deze èn voorgaande studies naar 
pesticiden en vruchtbaarheid lijkt het aannemelijk dat blootstelling aan pesticiden een 
verlengde TTP veroorzaakt bij mannen en mogelijk bij vrouwen werkzaam in de 
bloementeelt evenals spontane abortus bij vrouwen die in bloemenkassen werken. Bij 
mannelijke glastuinbouwers kan de spermakwaliteit verminderd zijn wat betreft de 
morfologie en de beweegbaarheid van de zaadcellen. Vrouwelijke glastuinbouwers kunnen 
een verhoogd risico hebben op een verlengde menstruatieduur, verlengde cylcuslengte en 
anovulatie, maar deze bevindingen moeten zorgvuldig verder geëvalueerd worden. Tot slot 
bediscussiëren we enkele praktische implicaties van onze studie en geven suggesties voor 
verder onderzoek, omdat er nog steeds een gebrek aan kennis is over de specifieke 
pesticiden die verantwoordelijk kunnen zijn voor een verlengde TTP en over de processen 
in het TTP-spectrum die beïnvloed worden. Een aanbeveling voor toekomstig onderzoek is 
het uitvoeren van een prospectieve studie met koppels die voor het eerst zwanger willen 





Het is zover! Na een periode van vijf jaar is mijn proefschrift af en dat terwijl ik altijd had 
gezegd dat ik nooit wilde gaan promoveren. In de afgelopen jaren hebben veel mensen een 
bijdrage geleverd aan het tot stand komen van dit boekje. Graag wil ik op deze plaats een 
aantal van hen bedanken voor hun bijdrage of omdat ze op een andere manier deze periode 
voor mij zeer de moeite waard hebben gemaakt. 
Op de eerste plaats wil ik de belangrijkste persoon bedanken bij het tot stand komen van 
dit proefschrift. Nel Roeleveld. Nel, dankjewel! Ik had me geen betere co-promotor kunnen 
voorstellen. Vooral je enthousiasme, goede ideeën, schrijfadviezen, perfectionisme en 
vertrouwen heb ik erg kunnen waarderen. Ik bewonder je zeer om je enorme gedrevenheid 
in alles wat je doet. Ook persoonlijk konden we goed met elkaar overweg en je hebt er 
altijd voor gezorgd dat ik me als een 'pinguïn' in het ijskoude poolwater heb gevoeld. Het 
was fantastisch om met je samen te werken en ik ben blij dat we dat nog een tijdje kunnen 
voortzetten. Op de tweede plaats dank ik mijn promotor Gerhard Zielhuis. Beste Gerhard, 
tijdens ons maandelijks overleg wist je door je kritische vragen mij dieper te laten nadenken 
over de keuzes die ik maakte en de gevolgen die ze hadden. Het blijft me wel een raadsel 
hoe je in je overvolle agenda toch altijd snel mijn artikelen van kritisch commentaar wist te 
voorzien, maar ook dat je na 5 jaar nog steeds mijn naam niet goed kan spellen! Bij de opzet 
van het onderzoek heeft ook de begeleidingscommissie een essentiële rol gespeeld. Alle 
leden daarvan wil ik bedanken voor hun input in deze belangrijke fase van het onderzoek. 
Er zijn nog talrijke andere mensen die mij geholpen hebben, in het bijzonder alle onder-
zoekspersonen zonder wie dit proefschrift er niet zou zijn. Fijn dat jullie belangeloos wilden 
meewerken aan het onderzoek. En ik heb ook erg genoten van alle bloemen die ik kreeg 
tijdens de huisbezoeken. Leonie van den Hoven, Christel Goudzwaard, Loes Geelen, Sandra 
Kik, Marijn en Pascal, bedankt voor de helpen bij de dataverzameling. Het was een hels 
karwei om iedereen te prikken, de spermamonsters op tijd op het lab te krijgen, snel te 
analyseren en goede videobeelden te maken. Door jullie waren de weekjes in Monster altijd 
erg gezellig! Leonie, ik heb het erg gewaardeerd dat jij ons team wilde vergezellen in 
Monster. Pascal, door jou weet ik nu dat een rond bordje met 100 erop aan de linkerkant 
van de weg óók betekent dat je niet harder mag rijden dan 100 km/uur. En Marijn, je bent 
een geweldig wegwijzerinnetje! Samen wisten we de weg altijd te vinden in het Westlandse 
doolhof! 
Daarnaast wil ik graag de mensen bedanken die veel moeite hebben gestoken in het 
ontwikkelen van een methode om de blootstelling aan pesticiden te kwantificeren. Rob, 
Appiè en Paul, bedankt voor het onderzoeken of biologische monitoring een mogelijkheid 
zou zijn voor mijn onderzoek en voor jullie bereidheid om steeds weer verschillende 
pesticiden en methoden te testen. Uiteindelijk zijn we toch een andere, betere(?) weg 
ingeslagen, waaraan Erik Tielemans, Jody Schinkel, Mark Lurvink, Rianda Ebben en Berna van 
Wendel-de Joode een grote bijdrage hebben geleverd. Hartelijk dank daarvoor! Jullie zijn er 
in geslaagd om al die informatie over de blootstelling aan pesticiden te verzamelen, deze te 
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verwerken en vervolgens om te zetten in cijfers die voor mij begrijpelijk waren en waarmee 
ik mijn verdere analyses kon uitvoeren. 
Heel wat andere mensen hebben me bijgestaan met hun raad en expertise tijdens deze 
jaren van onderzoek. In de eerste plaats de dames van de reproductie groep. Nel, Manette, 
Marijn en Iris, bedankt voor jullie belangstelling voor mijn werk, de handige tips en het 
kritisch lezen van mijn artikelen Alex Wetzeis en Chris Thomas wil ik bedanken voor hun 
bijdrage aan het onderzoek met hun specifieke expertise over de mannelijke en vrouwelijke 
reproductie en de hormonen die daarbij een rol spelen. Ook wil ik beide bedanken dat ze 
het mogelijk hebben gemaakt de vele monsters te laten analyseren op verschillende 
laboratoria van het UMC St Radboud Een deel van de monsters is ook geanalyseerd m het 
Erasmus MC in Rotterdam. Hiervoor wil ik graag Frank Pienk en Frank de Jong bedanken, 
evenals voor hun adviezen over mhibme B. 
Tijdens mijn promotieperiode heb ik zes studenten mogen begeleiden: Sandra, Loes, 
Janneke, Iris, Karen en Wouter Ik heb met jullie allemaal met veel plezier samengewerkt en 
ik wil jullie hartelijk bedanken voor jullie inzet. Sandra, m jouw stage lag de oorsprong van 
één van mijn eerste artikelen en ik denk nog steeds met veel plezier terug aan die periode. 
Loes, JIJ weet nu misschien nog wel meer dan ik over de ingewikkelde logistiek waarmee je 
te maken krijgt als je de menstruatiecyclus wilt onderzoeken. Ook als onderzoeksassistent 
heb je veel werk voor me verricht, bedankt daarvoor! 
Het was een plezier om te mogen werken bij de afdeling Epidemiologie en Biostatistiek. De 
fijne atmosfeer en de collegialiteit waren een extra stimulans bij het onderzoek. De gezellige 
koffiepauzes met cake-van-de-week, de ontspannende lunchpauzes en de sociale activiteiten 
(etentjes, borrels en bowlen) na werkuren droegen daar zeker ook aan bij. Bedankt aan alle 
collega's die hebben geholpen bij het verzenden van ruim 13.000 vragenlijsten. In het 
bijzonder dank ik ook mijn (ex-)kamergenoot|es. Inge, het jaar dat JIJ bij mij op de kamer 
hebt gezeten, heb ik ontzettend genoten. We konden samen lachen en roddelen, maar 
zeker ook goed werken. Ik weet zeker dat je een goede doktor zult worden! Marijn, JIJ bent 
misschien wel de kleinste van de afdeling, maar ook een van de gezelligste en sociaalste 
mensen. Ik wens jou heel veel succes bij jouw verdere promotie. Wim, Steven, Hans G. en 
Enk, bedankt voor het oplossen van alle SPSS-, SAS- en andere computerproblemen. Mijn 
'buurman' Hans O. wil ik bedanken voor het helpen bij het maken van powerpomt-
presentaties, maar ook voor het feit dat ik bij jou altijd binnen kon lopen voor allerlei 
andere vragen, gezellige praatjes of een dropje. Femmie, JIJ en ik zijn van mening dat de 
afdeling een stuk gezelliger is geworden sinds I oktober 2000: de dag dat WIJ beide op de 
afdeling begonnen zijn (of anderen dat ook vinden ..?). Heel erg bedankt voor de steun die 
JIJ mij altijd hebt gegeven; het was fijn dat ik bij jou altijd kon uitblazen als het even wat 
minder ging. Ingrid en Judith, ik vind het fantastisch dat ik jullie heb leren kennen. Het 
maken van promotie-liedjes was samen met jullie altijd een feest. Ook ik hoop dat we 
elkaar in de toekomst blijven zien. Een speciaal woord van dank gaat uit naar Masja. JIJ was 
degene die aan mij dacht toen er iemand gezocht werd voor een onderzoeksvoorstel dat JIJ 
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ook zo leuk vond. Erg typisch is het wel dat onze levens voor een groot deel gelijk lopen: 
dezelfde dag geboren, tegelijkertijd Milieugezondheidkunde studeren, stages lopen bij de 
GGD en het RIVM en promoveren bij de afdeling Epidemiologie en Biostatistiek. Maar nu 
ben ik er vrijwel zeker van dat onze levens anders zullen gaan (al heb ik wel geleerd nooit 
'nooit' meer te zeggen). In het begin heb je me gesteund bij het vinden van mijn weg op de 
afdeling, maar ook tijdens mijn promotie kon ik altijd bij je terecht om (on)zinnige vragen te 
stellen of om even uit te blazen. Jammer genoeg zien we elkaar nu veel minder, maar 
desalniettemin vind ik het bijzonder om jou als vriendin te hebben! 
Gelukkig hoef ik 14 juni met alleen die enge grote aula in te lopen. Fijn dat jullie, Simone en 
Henrike, naast mij willen staan, ik vind het een eer dat jullie mijn 'nimfen' willen zijn. 
Simone, bedankt voor je inzet bij het verzorgen van de lay-out van dit boekje, maar ook 
zeker voor al die andere kleine dingen die je voor mij hebt gedaan' Zonder jouw hulp had 
dit boekje er nooit zo mooi uitgezien Henrike, JIJ was altijd mijn grote voorbeeld waar ik 
(onbewust misschien) veel van geleerd heb Ik ben gewoon heel blij met het feit dat JIJ mijn 
zus bent! 
In het bijzonder wil ik ook mijn ouders bedanken. Jullie hebben mij altijd de vrijheid gegeven 
om mijn eigen keuzes te maken en zijn onvoorwaardelijk in me blijven geloven Zonder 
jullie was dit alles nooit mogelijk geweest. Last but not least, lieve Bernée, eindelijk is mijn 
proefschrift dan af! JIJ hebt als geen ander met me meegeleefd gedurende mijn promotietijd. 
Ik geniet nog steeds iedere dag dat ik samen met jou m het leven mag staan. Bedankt dat je 
liefen leed met mij wilt delen Dikke zoen' 
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Stellingen behorende bij het proefschrift 
Fertility among greenhouse workers 
Rein/ ßretveW 
Nijmegen, 14 juni 2006 
1. Werken met pesticiden of in een omgeving waar pesticiden gebruikt worden 
verlengt de tijd-tot-zwangerschap (dit proe/schri/i). 
2. Wanneer bij onderzoek naar tijd-tot-zwangerschap gekozen wordt om één 
zwangerschap te bestuderen kan beter de eerste zwangerschap geselecteerd 
worden dan de laatste (dit proefschrift). 
3. Het is onmogelijk de blootstelling aan pesticiden in de bloementeelt in één maat 
weer te geven vanwege de grote variatie in gebruikte stoffen en werkzaamheden 
(dit proefschrift). 
4. In onderzoek gemeten kenmerken van het menstruatiepatroon zijn variabeler 
dan deze door vrouwen zelf gepercipieerd worden. 
5. De kwaliteit van een retrospectief onderzoek naar reproductiestoornissen is 
hoger wanneer de onderzoekspopulatie bestaat uit vrouwen in plaats van 
mannen. 
6. Wat niet in de data zit, haal je er door statistische analyses ook niet uit. 
7. Om de expositie aan fijn stof te verlagen dienen verkeersdrempels te worden 
verwijderd. 
8. Verbetering van het wooncomfort vermindert de kwaliteit van het binnenmilieu. 
9. Afstemmen van werktijden op het bioritme van individuele werknemers zal niet 
alleen leiden tot een hogere productiviteit maar ook tot reductie van het 
fileprobleem. 
10. Het is allemaal een kwestie van hormonen... 



